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VACCINE 

FIELD OF INVENTION 

The present invention relates to bacterial polysaccharide antigen vaccines^ 
S their manu&ctore and the use of such polysaccharides in medicines. 

In particular the present invention relates to three inter-related aspects: A - 
vaccines comprising a pneumococcal polysaccharide antigen, typically a 
pneumococcal polysaccharide conjugate antigen, formulated with a protein antigea 
from Streptococcus pneumoniae and optionally a Thl inducing adjuvant; B - specific, 
10 advantageous pneumococcal polysaccharide conjugates adjuvamed with a Thl 
adjuvant; and C - bacterial polysaccharide conjugates in general conjugated to protein 
D fiom K inflimme. 

BACKGROUND OF INVENTION 

IS Streptococcus pneumoniae is a Giam-positive bacteria responsible for 

considefable morbidity and mortality ^^articidarly in the young and agecQ, causing 
invasive diseases such as pneumonia, bacteremia and meningitis, and diseases 
associated with coloiusatzon, such as acute Otitis media. The rate of pneumococcal 
pneumonia in &e US for persons over 60 years of age is estimated to be 3 to S per 

20 100,000. In 20% of cases this leads to bactmmia, and otb^ manifestations such as 
meningitis, with a mortality rate dose to 30% even with antibiotic treatment 

Pneumococcus is em^sulated with a chemically linked polysaccharide vMoh 
confers serotype specificity. There are 90 known serotypes of pneumococci^ and the 
capsule is the principle virulence detenninant for pneumococd, as the cqssule not 

25 only protects the mner surface of the bacteria from con^)lement, but is itself poorly 
immunogenic. Polysaccharides are T-independent antigens, and can not be processed 
or presented on MHO molecules to interact with T-cells, They can however, stfanulate 
die inmiune system through an alternate mechanism which involves cross-linking of 
sur&ce receptors on B cells. 
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It was shown in several experiments that protection against invasive 
pncnmococci disease is conrelated most strongly with antibody specific for tlie 
cg^sule, and the protection is serotype specific. 

Polysaccharide antigen based vaccines are well known in the art. Four that 
5 have been licensed for human iise include the Vi polysaccharide of Salmonella typhi, 
the PRP polysaccharide from Haemophilus influenzae, the tetravalent meningococcal 
vaccine composed of serotypes A, C, W135 and Y, and the 23-Valent pneumococcal 
vaccine composed of the polysaccharides corresponding to s&rotypes 1. 2, 3, 4, 5, 6B, 
7F, 8. 9N, 9V, lOA, UA, 12F, 14, 15B, 17F, 18C, 19A, 19F, 20, 22F, 23F, and 33 

1 0 (accounting for at least 90% of pneumococcal blood isolates). 

The latter tiiree vacdnes confer protection against bacteria causing respiratory 
infections resulting in severe morbidity and mortality in infenta yet these vaccmes 
have not been licensed for use in children less than two years of age because they are 
inadequately immunogenic in Uns age group [Peltola et di.(1984), N. Engl. J. Med. 

15 310:1561-1566]. Streptococcus pneumoniae is fee most common cause of invasive 
bacterial disease and otitis media in infents and young children. Likewise^ the elderiy 
mount poor responses to pneumococcal vaccines [Roghmann et al.^ (1987), X 
CierontoL 42:265-270], hence the increased incidence of bacterial pneumonia in this 
population [Ver^ese and Berk, (1983) Medicine (Baltimore) 62271-285]. 

20 Strategies, vAich have been designed to overcome this lack of immunogenicity 

in in&nts, include tiie linking of the polysaccharide to large immunogenic proteins, 
which provide bystander T-cell help and v^*ich mduce immunological memory 
against the polysaccharide antigen to vrfiich it is conjugated. Pneumococcal 
glycoprotein conjugate vaccines are currently bemg evaluated for safety, 

25 i mm unogenicity and efiBcacy in various age groups. 

A) Pneumococcai polysaccharide Vaccines 

The 23-valent unconjugated pneumococcal vaccine has shown a wide variation 
in clmical efficacy, from 0% to 81% (Fedson et al (1994) Arch Intern Med. 154: 
30 2531-2535). The efficacy appears to be related to the risk group that is being 
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inununised, such as the elderly, Hodgkm*s disease, splenectomy, sickle cell disease 
and agamxnaglobulinemics (Fine et cd, (1994) Arch Intern Med. 154:2666-2677), and 
also to the disease manifestation. The 23-valent vaccine does not demonstrate 
protection against pneumococcal pneumonia (in certain high risk groups such as the 
5 elderly) and otitis media diseases. 

There is therefore a need for improved pneumococcal vaccine compositions, 
particularly ones which will be more effective in the prevention or amelioration of 
pneumococcal disease (particularly pneumonia) in the elderly and in young children. 

The present invention provides such an improved vaccine. 

10 

B) Selected Pneamococcal Polysaccharide Conjugate 3D-MPL 
Compositions 

It is generally accepted that the protective efiScacy of the commercialised 
unconjugated pneumococcal vaccine is more or less related to the concentration of 

IS antibody induced vaccination; indeed, the 23 polysaccharides were accepted for 
licensure soldy yxpon the tmmunogenicity of each componmt polysaccharide (Ed 
Williams et al New York Academy of Sciences 1995 pp. 241-249). Therefore further 
enhancement of antibody responses to the pneumococcal polysaccharides could 
increase the percentage of in&nts and elderly responding with protective leveb of 

20 antibody to the first injection of polysaccharide or polysaccharide conjugate and could 
reduce the dosage and the zumiber of injections required to induce protective 
inununity to infections caused by Streptococcus pneumoniae. 

Since the early 20^ century, researchers have e^qierimented with a huge 
number of compounds which can be added to antigens to improve iheir 

25 immunogenicity in vaccme compositions [reviewed in MF. Powell & M J. Newman, 
Plenum Press, NY, "Vaccine Design - the Subunit and Adjuvant Approach*' (1995) 
Chapter 7 "A Compendium of Vaccine Adjuvants and Excipients^. Many are very 
ef^ent, but cause significant local and systemic adverse reactions that preclude dieir 
use in human vaccine compositions. Aluminium-based adjuvants (such as alum. 
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aluminium hydroxide or aluminium phosphate), first described in 1926, remain the 
only immunologic adjuvants used in human vaccines licensed in the United States. 

Aluminium-based adjuvants are examples of the carrier class of adjuvant 
yAnch worics through the "depot effect" it induces. Antigen is adsorbed onto its 
5 surfece and when the composition is injected the adjuvant and antigen do not 
immediately dissipate in the blood stream - instead the composition persists in the 
local environment of the injection and a more pronounced immune response results. 
Such carrier adjuvants have tfie additional known advantage of being suitable for 
stabilising antigens that are prone to breakdown, for instance some polysaccharide 
10 antigens. 

3D-MPL is an example of a non-carrier adjuvant Its fiill name is 3*0- 
deacylated monopho^horyl lipid A (or 3 De-O-acylated monophosphoryl lipid A or 
3-0-desacyl-4' monophosphoryl lipid A) and is referred to as 3D-MPL to mdicate that 
position 3 of the reducing end glucosamine is de-O-acylated. For its preparation, see 
15 GB 22202 1 1 A. Chemically it is a mixture of 3-deacylated monophosphoryl Hpid A 
with 4, 5 or 6 acylaled chains. It was originally made in the early 1990*s when the 
method to 3-0-deacylate the 4*-monophosphocyl derivative of lipid A (MPL) led to a 
molecule with further attenuated toxicity with no change in the immunostimulating 
activity. 

20 3D-MPL has been used as an adjuvant either on its own or, preferentially, 

combined with a depot-type carrier adjuvant such as aluminium hydroxide, aluminium 
phosphate or oil-in-water emulsions. In such compositions antigen and 3D-MPL are 
contained in the same particulate structures, allowing for more efiicient delivery of 
antigenic and immunostimulatoTy signals. Studies have shown that 3D-MPL is able to 

25 further enhance die immunogoiicity of an alum-adsorbed antigen [Thoelen et aL 
Vaccine (1998) 16:708-14; EP 689454-81]. Such combinations are also preferred in 
the art for antigens that are prone to adsorption (for instance, bacterial polysaccharide 
conjugates), where adsorption onto alum tends to stabilise the antigen- Precipitated 
aluminium-based adjuvants arc mosdy used as they are the only adjuvants that are 

30 currently used in licensed human vaccines. Accordingly, vaccmes containing 3D-MPL 
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in combination with aluminium-based adjuvants are favoured in the art due to their 
ease of development and speed of introduction onto the market 

MPL (non 3-d^cylated) has been evaluated as an adjuvant with several 
monovalent polysacchaxide-conjugate vaccine antigens. Coinjection of MPL in saline 
5 enhanced the senim antibody response for four monovalent polysaccharide 
conjugates: pneumococcal PS 6B-tetanus toxoid, pneumococcal PS 12-diphtheria 
toxoid, and 5. aureus type S and 5. aureus type 8 conjugated to Pseudomonas 
aeruginosa exotoxin A [Schneerson e/ aL J. Immunology (1991) 147:2136-2140]. 
The enhanced response were taught as being antigens-specific. MPL in an oil-in^water 

10 emulsion (a carrier type adjuvant) consistently enhanced the effect of MPL in saline 
due to the presence of MPL and antigen in the same particulate structure, and was 
considered to be the adjuvant system of choice for optimal delivery of other 
polysaccharide conjugate vaccines. 

Devi et al. [Infect Immun. (1991) 59:3700-7] evaluated the adjuvant effect of 

IS MPL (non 3-deacylated) in saline on the murine antibody response to a TT conjugate 
of Cryptococcus neoformam capsular polysaccharide. When MPL was used 
concurrently with the conjugate ttiere was only a n^^Tgin?^! increase in both the IgM- 
and IgG-spedfic response to the PS; however MPL had a much larger effect when 
administered 2 days after the conjugate. The practicality of using an immunization 

20 schCTie that requires a delay in the administration of MPL relative to antigen, 
especially in in&nts, is questionable. The adjuvant effect of MPL with 
polysaccharides and polysaccharide-protein conjugates appears to be composition- 
dependent. Again, &e incorporation of MPL in a suitable slownrelease delivery 
systems (for instance using a carrier adjuvant) provides a more durable adjuvant effect 

25 and circumv^its the problem of timing and delayed administratiotL 

Insummary, the state ofthe art has taught that, for particular polysaccharide or 
polysaccharide«conjugate antigens, where MPL or 3D-MPL is used as an adjuvant, it 
is advantageously used in conjuction with a earner adjuvant (for instance the 
aluminium-based adjuvants) in order to maximise its immunostimulatory effect 
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Surprisingly, the present inventors have found that fcr certain pneumococcal 
polysaccharide conjugates, the immunogemcity of the vaccine composition is 
significantly greater vAica the antigen is formulated with 3D-MPL alone rather than 
with 3D-MPL in conjunction with a carrier adjuvant (such as an aluminium-based 
5 adjuvant). Furthermore the observed improvement is independent of the concentration 
of 3D-MPL used, and whether the particular conjugates are in a monovalent 
composition or whether they are combmed to form a polyvalent composition. 

C) Bacterial polysaccharide - protein D Conjugates 

10 As mentioned above, polysaccharide antigen based vaccines are well known in 

the arL The Kcensed polysaccharide vaccines mentioned above have different 
demonstrated clinical efBcacy, The Vi polysaccharide vaccine has been estimated to 
have an efficacy between 55% and 77% in prevaiting culture confirmed typhoid fever 
(Plotkin and Cam, (1995) Arch Intern Med 155: 2293-99). Tlie meningococcal C 

15 polysaccharide vaccine was shown to have an efficacy of 79% under epidemic 
conditions (De Wals P, et al. (1996) Bull Worid Healdi Organ. 74: 407-41 1). The 23- 
valent pneumococcal vaccine has shown a wide variation in clinical eflBcacy, from 0% 
to 81% (Fedson et al. (1994) Arch Intern Med. |54: 2531-2535). As mentioned above, 
it is accepted that the protective efficacy of the pneumococcal vaccine is more or less 

20 related to the concentration of antibody induced upon vaccination. 

Amongst the problems associated with the polysaccharide approach to 
vaccination, is the £su:t that polysaccharides per se are poor immunogens. Strategies 
which have been designed to overcome this lack of immunogenicity include the 
Imldng of the polysaccharide to large higidy immunogenic protein earners, which 

25 provide bystander T-cell help. 

Examples of these highly immunogenic carriers which are currently commonly 
used for the production of polysaccharide immunogens include the Wphtheria toxoid 
(DT or the CRM197 mutant), Tetanus toxoid (TT), Keyhole Limpet Haemocyanin 
(KLH), and flie purified protein derivative of Tuberculin (PPD). 

30 
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Problems Associated with (Commonly-Used Carriers 

A number of problems are associated with each of these commonly used 
carriers, including in production of GMP conjugates and also in immunological 
characteristics of the coiyugates. 
5 Despite the common use of these carriers and dieir success in the induction of 

anti polysaccharide antibody responses they are associated with several drawbacks. 
For example, it is known that antigen specific immune responses may be suppressed 
(epitope siqypression) by the presence of preexisting antibodies directed against the 
carrier, in this case Tetanus toxin CDi John et al; (1989) Lancet, 2:141S-8). In the 

10 population at large, a very high percentage of people will have pre-existing immunity 
to both DT and TT as people are routinely vaccinated with these antigens. In the UK 
for exanq>le 95% of children receive the DTP vaccine comprising both DT and TT. 
Other authors have described the problem of epitope suppression to peptide vaccines 
in animal models (Sad et al. Immunology, 1991; 74:223-227; Sdiutze et al, L 

15 ImmunoL 135: 4, 1985; 2319-2322). 

In addition, for vaccmes which require regular boosting, the use of highly 
immunogenic carriers such as TT and DT are likely to si^ipress the polysaccharide 
antibody response after several injections. These multiple vaccinations may also be 
accompanied by undesirable reactions such as delayed type hyperresponsiveness 

20 (DTH). 

KLH is known as potent immunogen and has already been used as a carrier for 
IgE peptides in himian clinical trials. However, some adverse reactions (DTH^like 
reactions or sensitisation) as well as antibody responses against antibody have 
been observed. 

25 The selection of a carrier protein, therefore, for a polysaccharide based vaccine 

will require a balance between the necessity to use a carrier working in all patients 
(broad MHC recognition), the induction of high levels of anti* polysaccharide 
antibody responses and low antibody response against the carrier. 

The carriers used previously for polysaccharide based vaccines, therefore have 

30 many disadvantages* This is particularly so in combination vaccines, where epitope 
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siqjpression is especially problematic if the same carrier is used for yanous 
polysaccharide antigens. In WO 98/51339, multiple carriers in combination vaccmes 
were used in order to try to get over this effect 

The present invention provides a new carrier for use in the pteparation of 
polysaccharide/polypcptide-based immunogenic conjugates, that does not suffer from 
the aforementioned disadvantages. 

The present invention provides a protein D (EP 0 594 610 Bl) from 
Haemophilus influenzae^ or fragments thereof, as a carrier for polysaccharide based 
immunogenic compositions, including vaccines. The use of this carrier is particularly 
advantageous in combination vaccines. 

SUMMARY OF THE INVENTION 

A) Pneumococcal pofysaccharide Vaccines 

Accordingly the present invention provides a vaccine composition, comprising 
at least one Streptococcus pneumoniae polysaccharide antigen (preferably conjugated) 
and a Streptococcus pneumoniae protein antigen or imraunologicaHy functional 
equivalent thereof optionaUy with a Thl adjuvant (an adjuvant inducing a Thl 
immune response), Preferably both a pneumococcal protein and Thl adjuvant are 
included. TTie conq)ositions of tfie invention are particularly suited in the treatment of 
elderiy pneumonia. 

Pneumococcal polysaccharide vaccines (conjugated or not) may not be able to 
protect against pneumonia in tile elderly population for which the incidence of tiiis 
disease is very high. The key defense mechanism against the pneumococcus is 
opsonophagocytosis (a humoral B-cell / neutrophil mediated event caused by tiie 
production of antibodies against tiie pneumococcal polysaccharide, die bacterium 
eventually becoming phagocytosed), however parts of flic involved opsonic 
mechanisms are impaired in die elderly, i.e. superoxide production by PMN 
(polymorphonuclear ceUs), otiier reactive oxygen species production, mobilisation of 
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PMN, apoptosis of PMN, deformability of PMN. Antibody responses may also be 
impaired in the elderly. 

Contrary to the nonnally accepted dogma, normal levels of anti-capsubr 
polysaccharide antibodies may not be effective in complete clearance of bacteria, as 
S pneumococci may invade host cells to evade this branch of the immme system. 

Smpiisingly, the pr^ent inventors have found that by simultaneously 
stimulating the cell mediated branch of the immune system (for instance T^ll 
meditated immunity) in addition to the humoral brach of the immime system (B-cell 
mediated), a synergy (or cooperation) results v/hkh is capable of enhancing the 

10 clearance of pneumococci fit)m the host This is a discovery which will aid the 
prevention (or treatment) of pneumococcal infection in general, but will be 
particularly important for the prevention (or treatment) of pneumonia in the elderly 
where fKilysaccharide based vaccines do not show efiRcacy. 

The present inventors have found that both aims of the immune system may 

IS synergise m this way if a pneumococcal polysaccharide (preferably conjugated) is 
administered widi a pneumococcal piotein (preferably a protein e}qnessed on die 
surface of pneumococci, or secreted or released, vMch can be processed and presented 
in the context of Class II and MHC class I on the sur&ce of infected mammalian 
cells). Although a pneumococcal protein can trigger cell mediated immunity by itself, 

20 the inventors have also found that Ifae presence of a Thl inducing adjuvant in the 
vaccine formulation helps this ami of the immnne system, and smprisingly furdier 
enhances the synergy between both arms of the immune systeoL 

B) Selected Pneumococcal Polysaccharide Conjugate + 3D-MPL 
25 Compositions 

Accordingly, the present invention also provides an antigenic composition 
comprising one or more pneumococcal polysaccharide conjugates adjuvanted with 
3D-MPL and substantially devoid of ahuninium-based adjuvants, wherein at least one 
of die pneumococcal polysaccharide conjugates is significantly more inamunogenic in 
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compositions comprising 3D-MPL in comparison witli compositions comprising 3D- 
MPL in conjmction with an alimiinium-based adjuvant 

Preferred embodiments provided are antigenic compositions comprising 
conjugates of one or more of the following pneumococcal capsular polysaccharides: 
5 serotype 4, 6B, 1 8C, 1 9F, and 23R In such compositions, each of the polysaccharides 
are surprisingly more immunogenic in compositions comprising 3D-MPL alone 
compared with compositions comprising 3I>MPL and an aluminium-based adjuvant 

Thus is one embodiment of the invention there is provided a antigenic 
composition comprisii^ the Streptococcus pneumoniae capsular polysaccharide 
10 serotype 4, 6B, 18C, 19F or 23F conjugated to an immunogenic protein and 3D-MPL 
adjuvant, wherein the composition is substantially devoid of aluminium-based 
adjuvants. 

In a second embodiment, the present invention provides a combmation 
antigenic composition substantially devoid of aluminium-based adjuvants and 
15 compiising 3D-MPL adjuvant and two or more pneumococcal polysaccharide 
coiyugates chosen fiom tiie group consisting of: serotype 4; serotype 6B; serotype 
18C; serotype 19F; and serotype 23F. 

C) Bacterial pol]rsaccharide - protein D Conjugates 

20 Accordingly, the present invention provides a polysaccharide conjugate 

antigen comprising a polysaccharide antigen derived from a pathogenic bacterium 
conjugated to protein D from Haemophilus hfiuemae or a protein D fragm^ tiiereof. 
In addition, the invention provides polyvalent vaccine compositions where one or 
more of the polysaccharide antigw are coiijugated to protein D. 

25 

DESCRIPTION OF THE INVENTION 

A) Pneumococcal polysaccharide Vaccines 



10 



wo 00/56359 



PCT/EP00/(I2467 



The present invention provides an inqjroved vaccine particularly for the 
prevention or amelioration of pnemococcal infection of the elderly (and/or infants and 
toddlers). 

In &e context of the invention a patient is considered elderly if they are SS 
5 years or over in age, typically over 60 years and more generally over 65 years. 

Thus in one embodiment of the invention there is provided a vaccine 
composition, suitable for use in the elderly (and/or In&nts and toddlers) comprising at 
least one Streptococcus pneumoniae polysaccharide antigen and at least one 
Streptococcus pneumoniae protein andgen. 
10 In a second, preferred, embodiments die present invention provides a vaccine 

(suitable for the prevention of pneumonia in the elderly) comprising at least one 
Streptococcus pneumoniae polysaccharide antigen and at least one Streptococcus 
pneumoniae protein antigen and a Thl adjuvant 

It is envisaged that such a vaccine be also useful in treating pneumococcal 
IS mfection (for instance otitis media) in other high risk groups of the population, such 
as for infimts or toddlers. 

In a third embodiment there is provided a vaccine composition comprising a 
pneumococcal polysaccharide antigen and a Thl adjuvant 

20 Streptococcus pneumoniae Polysaccharide Aniizens of the Invention 

Typically the Streptococcus pneumoniae vaccine of the present invention will 
comprise polysaccharide antigens (preferably conjugatedX wherein the 
polysaccharides are derived from at least four serotypes of pneumococcus. Preferably 
the four serotypes include 6B, 14, 19F and 23F. More preferably, at least 7 serotypes 

25 are included in the composition, for example those derived from serotypes 4, 6B, 9V, 
14, 18C, 19F, and 23F. More preferably still, at least 1 1 serotypes are included in tiie 
composition, for example the composition in one embodiment includes capsular 
polysaccharides derived from serotypes 1, 3, 4, 5, 6B, 7F, 9V, 14, 18C, 19F and 23F 
(preferably conjugated). In a preferred embodunent of the invention at least 13 

30 polysaccharide antigens (preferably conjugated) are included^ although further 
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polysaccharide antigens, for example 23 vaient (such as serotypes 1, 2, 3, 4, 5, 6B, 7F, 
8, 9N, 9V, lOA, IIA. 12F, 14, 15B, 17F, 18C, 19A, 19F, 20, 22F, 23F and 33F), are 
also contemplated by the invention. 

For elderly vaccination (for instance for the prevention of pneumonia) it is 
5 advantageous to include serotypes 8 and I2F (and most preferably 1 5 and 22 as well) 
to the 11 vaient antigenic composition described above to fonn a 15 vaient vaccine, 
whereas forinfents or toddlers (where otitis media is of more concern) serotypes 6 A 
and 19A are advantageously included to form a 13 vaient vaccine. 

10 .For the prevention/amelioration of pneumonia in the elderly (+55 years) 

population and Otitis media va Infents (up to 18 months) and toddlers (typically 18 
months to 5 years), it is a preferred embodiment of the invention to combine a 
multivalent Streptococcus pnettmonia polysaccharide as herein described with a 
Streptococcus pneumoniae protein or immunologically functional equivalent thereof. 

15 

Pneumococcal Proteins of the invention 

For the purposes of this mvention, "immunologically functional equivalent" is 
defined as a peptide of protein comprising at least one protective epitope from the 
proteins of the invention. Such epitopes are characteristically sur&ce-e3q>osed, hi^y 

20 conserved, and can elicit an bactericidal antibody response in a host or prevent toxic 
effects. Preferably, the functional equivalent has at least 15 and preferably 30 or more 
contiguous amino acids from the protein of the invention. Most preferably, fragments, 
deletions of the protein, such as transmembrane deletion variants thereof (ie the use of 
the extracellular domain of the proteins), fusions, chemicaUy or genetically detoxified 

25 derivatives and the like can be used with the proviso that they are capable of raising 
substantially the same immune response as the native protein. 

Preferred proteins of the invention are those pneumococcal proteins vy^ch are 
exposed on the outer surfece of fiie pneumopoccus (capable of being recognised by a 
host's immune system during at least part of the life cycle of the pneumococcus), or 

30 are proteins which are secreted or released by the pneumococcus. Most preferably, the 
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protein is a toxin, adhesin, 2-component signal tranducer» or lipoprotein of 
Streptococcus pneumoniae, or immunologically functional equivalents thereof. 

Particularly preferred proteins to be included in such a combination vaccine, 
include but are not limited to: pneumolysin (preferably detoxified by chemical 
S treatment or mutation) [Mitchell er al Nucleic Acids Res. 1990 Jul 11; 18(13): 4010 
"Comparison of pneumolysin genes and proteins from Streptococcus pneumoniae 
types I and 2.\ Mitchell et al Biochim Biophys Acta 1989 Jan 23; 1007(1): 67-72 
"Expression of the pneumolysin gene in Escherichia coli: rapid purification and 
biological properties.", WO 96/05859 (A. CyanamidX WO 90/06951 (Paton et al), 

10 WO 99/03884 (NAVA)]; PspA and trananembrane deletion variants thereof (US 
5804193 - Briles et al.); PspC and transmembrane deletion variants thereof (WO 
97/09994 - Briles et al); PsaA and transmembrane deletion variants thereof (Berry & 
Paton, Infect Immun 1996 Dec;64(12):5255"62 "Sequence heterogeneity of PsaA, a 
37-kilodalton putative adhesin essential for virulence of Streptococcus pneumoniae"); 

15 pneumococcal choline binding proteins and transmembrane deletion variants thereof; 
CbpA and transmembrane deletion variants hereof (WO 97/41151; WO 99/51266); 
Glyceraldehyde-3-phosphate - dehydrogenase (Infect Immun. 1996 64:3544); 
HSP70 (WO 96/40928); PcpA (Sanchez-Beato et al. FEMS Microbiol Utt 1998, 
164:207*14); M like protem, SB patent implication No. EP 0837130; and adhesin 

20 1 8627, SB Patent plication No. EP 0834568. 

The proteins used in the present invention are preferably selected bom the 
group pneumolysin, PsaA, PspA, PspC, CbpA or a combination of two or more such 
proteins. The present invention also encompasses immunologically functional 
equivalents of such proteins (as defined above). 

25 

Within the composition, Ae protein can help to induce a T-cell mediated 
response against pneumococcal disease — particularly required for protection against 
pneumonia - which cooperates with the humoral branch of the immxme system to 
inhibit invasion by pneumococci, and to stimulate opsonophagocytosis. ; 



13 



wo 00/56359 



PCT/EPOO/02467 



Further advantages of including the protein antigen is presentation of further 
antigens for the opsonophagocytosis process, and the inhibition of bacterial adhesion 
(if an adhesin is used) or the neutralisation of toxin (if a toxin is used). 

Accordingly in an embodiment of the invention there is provided a 
5 Streptococcus pneumoniae vaccine comprising a pneumococcus polysaccharide 
conjugate vaccine comprising polysaccharide antigens derived fi:om at least four 
serotypes, preferably at least seven serotypes, more preferably at least eleven 
serotypes, and at least one, but preferably two, Streptococcus pneumoniae proteins. 
Preferably one of the proteins is Pneumolysin or PsaA or PspA or CbpA (most 
10 preferably detoxified pneumolysin). A preferred combination contains at least 
pneimiolysin or a derivative thereof and PspA. 

As mentioned above, a problem associated with the polysaccharide approach 
to vaccination, is the feet tfiat polysaccharides per se are poor immunogens. To 
overcome this, polysaccharides may be conjugated to protein carriers, which provide 
15 bystander T-cell help. It is preferred, therefore, that the polysaccharides utilised in the 
invention are linked to such a protein carrier. Examples of such carriers which are 
cuxrendy commonly used for the production of polysaccharide immunogens include 
the Diphtheria and Tetanus toxoids (DT, DT CRM197 and TT respectively), B^eyhole 
Limpet Haemocyanin (KLH), OMPC &om N. meningitidis^ and the purified protein 
20 derivative of Tuberculin (PPD)- 

A number of problems are, however, associated with each of these commonly 
used carriers (see section "Problems Associated with Commonly-Used Carriers" 
above). 

The present invention provides in a prefened onbodimcnt a new carrier for 
25 use in the preparation of polysaccharide -based immunogen constructs, that does not 
suffer ftom these disadvantages. The preferred carrier for tiie pneumococcal 
polysaccharide based immunogenic compositions (or vaccines) is protein D from 
Haemophilus iftfluemae (EP 59461 0-B), or fragments thereof. Fragments suitable for 
use include fragments encompassing T-helper epitopes. In particular a protein D 
30 fragment will preferably contain the N-terminal 1/3 of the protein. 
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A further preferred carrier for the pneumococcal polysaccharide is the 
pneumococcal protein itself (as defined above in section '^Pneumococcal Proteins of 
the invention*')- 

The vaccines of the present invention are preferably adjuvanted. Suitable 
5 adjuvants include an ahuninium salt such as aluminium hydroxide gel (alum) or 
aluminitmi phosphate, but may also be a salt of calcium, iron or zinc, or may be an 
insoluble suspension of acylated tyrosine, or acylated sugars, cationically or 
anionically derivatised polysaccharides, or polyphosphazenes. 

It is prefeired that the adjuvant be selected to be a preferential inducer of a 
10 THl type of response to aid the ceU mediated branch of the inunune response. 

THl Adjvvants of the Imentton 

High levels of Thl-type cytokines tend to favoxir the induction of cell 
mediated immune responses to a giveD antigoi, whilst hig^ levels of Th2-type 

1 S cytokines tend to &vour the induction of humoral inunune responses to the antigen. 

It is important to remember that the distinction of Thi and Th2<4ype immune 
response is not absotute. In reality an individual will support an immune response 
which is described as being predominandy Till or predominantly Th2. However, it is 
often convenient to consider the &mili^ of cytokines in terms of that described in 

20 murine CD4 +ve T cell clones by Mosmann and Coffinan (Mosmann, TJL and 
Coffinan, R.L. (1989) THl and TH2 cells: difGerent patterns of lymphokii^ secretion 
lead to diffoent functional properties. Annual Review of Immunology, 7, pl4S'173). 
Traditionally, Thl-type responses are associated with the production of the INF-y and 
IL-2 cytokines by T*lymphocytes. Other cytokines often directiy associated with the 

25 induction of Thl-type immune responses are not produced by T-cells, such as IL-12. 
In contrast, Th2-type responses are associated with the secretion of 11-4, IL-5, IL-6, 
IL«10. Suitable adjuvant systems which promote a predominantiy Thl response 
include, Monophosphoryl lipid A or a derivative thereof, particularly S-Kle-O-acylatcd 
monophosphoryl lipid A, and a combination of monophosphoryl lipid A, preferably 3- 

30 de-O-acylated monophosphoryl lipid A (3D-MPL) together with an aluminium salL 
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An enhanced system involves the combination of a monophosphoiyl lipid A 
and a saponin derivative, particularly the combination of QS21 and 3D-MPL as 
disclosed in WO 94/00153, or a less reactogem'c composition where the QS21 is 
quenched with cholesterol as disclosed in WO 96/33739. 
5 A particularly potent adjuvant fonnulation involving QS21, 3D-MPL and 

tocopherol in an oil in water emulsion is described in WO 95/17210, and is a preferred 
formulation. 

Preferably the vaccine additionally comprises a saponin, more preferably 
QS2L Hie formulation may also comprises an oil in water emulsion and tocopherol 
10 (WO 95/17210). 

The present invention also provide a method for producing a vaccine 
formulation comprising mixing a protein of the present invention together with a 
phannaceudcally acceptable excipient, such as 3D-MPL. 

Unmc4ylated CpG containing oligonucleotides (WO 96/02555) are also 
IS preferential inducers of a THl response and are suitable for use in the present 
invention. 

Particulariy preferred compositions of the invention comprise one or more 
conjugated pneumococcal polysaccharides, one or more pneumococcal proteins and a 

20 Thl adjuvant The induction of a cell mediated response by way of a pneumococcal 
protein (as described above) and the cooperation between both arms of the immuen 
system may be aided using such a Th-1 adjuvant, resulting in a particularly effective 
vaccine against pneumococcal disease in general, and. importantly, against 
pneumococcal pneumonia in the elderly. 

25 In a further aspect of the present mvention there is provided an immunogen or 

vaccine as herein described for use in medicine. 

In a still further aspect of the mvention, a composition is provided comprising 
a pneumococcal polysaccharide conjugate and a T6i adjuvant (preferably 3D-MPL) 
which is capable of seroconverting or inducing a humoral antibody response against 

30 the polysaccharide antigen within a population of non-responders. 
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10-30% of the population are kno^vn to be non-responders to polysaccharide 
immunizatioii (do not respond to more than 50% of serotypes in a vaccine) 
(Konradsen et al., Scand J. Immun 40:251 (1994); Rodriguez et al., JID, 173:1347 
(1996)). This can also be the case for conjugated vaccines (Musher et al. Clin. Inf. 
5 Dis. 27:1487 (1998)). This can be particularly serious for high risk areas of the 
population (in&nts, toddlers and the elderiy). 

Hie present inventors have found that a combination of a conjugated 
pneumococcal polysaccharide (which is prone to low response in a particular 
population) with a Thl adjuvant (see "Thl adjuvants of the invention" above) can 

10 surprisingly overcome this non-responsiveness. Preferably 3D-MPL should be used, 
and most preferably 3D-MPL devoid of aluminium-based adjuvant (which provides a 
better response still). The present invention thus provides such compositions, and 
further provides a mediod of treating non-responders to pneumococcal 
polysaccharides by administering such compositions, and still further provides a use 

15 of a Thl adjuvant in the manufacture of a medicament comprising conjugated 
pneumococcal polysaccharide antigens, in the treatment against (or protection firom) 
pneumococcal disease in individiials which are non-responsive to the polysaccharide 
antigen. 

In one embodiment there is a method of preventing or ameliorating pneumonia 
20 in an elderly human con^prising administering a safe and efifective amount of a 
vaccine, as described herein, comimsing a Streptoccocus pneumoniae polysaccharide 
antigra and either a Thl adjuvant, or a pneumococcal protein (and preferably both), to 
said elderly patient. 

In a further embodiment tfaexe is provided a method of preventing or 
25 ameliorating otitis media in In&nts or toddlers, comprising administering a safe and 
effective amount of a vaccine comprising a Streptococcus pneumoniae polysaccharide 
antigen and either a Streptococcus pneumoniae protein antigen or a Thl adjuvant (and 
preferably both), to said Infent or toddler. 

Preferably in the methods of the invention as descibed above the 
30 polysaccharide antigen is present as a polysaccharide protein conjugate. 
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Vaccine Preparations of the bmntion 

The vaccine preparations of the present invention may be used to protect or 
treat a mammal susceptible to infection, by means of administering said vaccine via 
5 systemic or mucosal route. These administrations may include injection via the 
intramuscular, intraperitoneal, intradennal or subcutaneous routes; or via mucosal 
administration to the oral/alimentary, respiratory, genitourinary tracts. Intranasal 
admiiustration of vaccines for tiie treatment of pneumonia or otitis media is preferred 
(as nasopharyngeal carriage of pneumococci can be more effectively prevented, thus 
10 attenuatmg infection at its earliest stage). 

The amount of conjugate antigen in each vaccine dose is selected as an amount 
v\*ich induces an immunoprotective response without significant, adverse side effects 
in typical vaccines. Such amount will vary depending upon which specific 
immunogen is employed and how it is presented, Genaally, it is «cpected that each 
15 dose will comprise 0.1-100 jig of polysaccharide, preiGarably 0.1-50 fig, preferably 
0.1-10 p.g, of which 1 to 5 ^g is the most preferable range. 

The content of protein antigens in the vaccine will typically be in the range 1- 
1 OO^g, preferably 5-50fig^ most typically in Ae range 5 * 25\ig. 

Optimal amounts of components for a particular vaccine can be ascertained by 
20 standard studies involving observation of appropriate fanmune responses in subjects. 
Following an initial vaccination, subjects may receive one or several booster 
immunisations adequately spaced. 

Vaccine preparation is generally described in Vaccme Design ("The subunit 
and adjuvant sqjproach" (eds Powell Mf . & Newman M J.) (1995) Plenum Press New 
25 York). Encapsulation within liposomes is described by Fullertoa, US Patent 
4,235,877. 

B) Selected Pneumococcal Polysaccharide Conjugate + 3D-MPL 
Compositions 
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For the purposes of this invention, the term "pneumococcal polysaccharide 
conjugates of the invention" describes those conjugates of Streptococcus pnetmoniae 
capsular polysaccharides which are more immunogenic in compositions comprising 
3D-MPL in comparison with compositions comprising 3D-MPL in conjunction with 
5 an aluminium-based adjuvant (for example, conjugates of serotype 4; serotype 6B; 
serotype 18C; serotype 19F; or serotype 23F). 

For the purposes of this invention, the term "substantially devoid of 
aluminium-based adjtivants" describes a composttton which does not contain 
su£5cient alimunium-based adjuvant (for example aluminium hydroxide, and, 

10 particularly, aluminium phosphate) to cause any decrease in the immunogenicity of a 
pneumococcal polysaccharide conjugate of the invention in comparison to an 
equivalent composition comprising 3D-MPL with no added aluminium-based 
adjuvant Preferably the antigenic composition should contain adjuvant that consists 
essentially of 3D-MFL. (juantitities of aluminium-based adjuvant added per dose 

IS should preferably be less than 50 ^g, more preiEerably less than 30 ^g, still more 
preferably less tfian 10 (ig, and most preferably there is no aluminium4)ased adjuvant 
added to the antigenic compositions of the invention. 

For the purposes of this invention, the determination of whether a 
pneiimococcal polysaccharide conjugate is significantly more immunogenic in 

20 compositions comprising 3D«MPL in comparison with com{>ositions comprising 3D- 
MFL in conjunction with an aluminium-ba^ acQuvant, this should be established as 
described in Example 2. As an indication of whether a composition is significantly 
more immunogenic when comprising 3D-MPL alone, the ratio of GMC IgO 
concentration (as determined in Example 2) between compositions comprising 3D- 

25 MPL alone versus an equivalent composition comprising 3D-MPL in conjunction 
with alu mini u m phosphate adjuvant should be more than 2, preferably more dian 5, 
more preferably more than 7, still more preferably more tiian 9, and most preferably 
more than 14. 

Amongst the problems associated with the polysaccharide approach to 
30 vaccination, is the feet that polysaccharides per se are poor unmunogens. Strategies, 
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which have been designed to overcome this lack of immunogenicity, include the 
linking (conjugating) of the polysaccharide to large protein carriers, which provide 
bystander T-cell help. It is preferred that the pneumococcal polysaccharides of the 
invention are linked to a protein carrier vMch provides bystander T -^ell help. 
5 Examples of such carriers which may be used mclude the Diphtheria, Diphtheria 
mutant, and Tetanus toxoids (DT, CRM197 and TT respectively). Keyhole Limpet 
Haemocyanin (KLH), the purified protein derivative of Tuberculin (PPD), and OMPC 
of Neisseria meningitidis. 

Most preferably, protein D from Haemophilus influenzae (EP 0 594 610-B), or 

10 fragments thereof (see section Q, is used as the immunogenic protem carrier for the 
pneumococcal polysaccharides of the invention. 

In one embodunent the antigenic composition of the invention comprises 
pneumococcal polysaccharide serotype (PS) 4 coiyugated to an immunogenic protein 
and formulated with 3D-MPL adjuvant, where the composition is substantially devoid 

15 of aluminium-based adjuvant In further embodiments, the antigenic composition 
comprises PS 6B, 18C, 19F. or 23F, respectively, conjugated to an immunogenic 
protein and formulated with 3D-MPL adjuvant, where the composition is substantially 
devoid of alumtnium-based adjuvant 

In a still further embodiment of the invention, a combination antigenic 

20 composition is provided comprising two or more pneumococcal polysaccharide 
conjugates from the group PS 4. PS 6B, PS 18C, PS19F. and PS 23F formulated with 
3D-MPL adjuvant, where the composition is substantially devoid of aluminium-based 
adjuvant 

The inuuunogenicity of pneumococcal polysaccharide conjugates of the 
25 mvention is not significantly effected by combmation with other pneumococcal 
polysaccharide conjugates (Example 3). Accordingly, a preferred aspect of the 
invention provides a combination antigenic composition comprismg one or more 
pneumococcal polysaccharide conjugates of the invention in combination with one or 
more fiirther pneumococcal polysaccharide conjugates, where the composition is 
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fonnulated with 3D-MPL adjuvant, but is substantially devoid of aluminium-based 
adjuvant 

In further preferred onbodiments of the invention, combination antigenic 
compositions are provided which contain at Jeast one and preferably 2, 3» 4 or all 5 of 
the PS 4, 6B, 18C, 19F, or 23F pneumococcal polysaccharide conjugates, and in 
addition any combination of other pneumococcal polysaccharide conjugates, which 
are formulated with 3D-MPL ai^uvant but substantially devoid of aluminium-based 
adjuvant 

Typically the Streptococcus pneumoniae combination antigenic composition 
of the present mvention will comprise polysaccharide conjugate antigens, wherein the 
polysaccharides are derived from at least four, seven, eleven, thirteen, fifteen or 
twenty-three serotypes (see *'Streptococcus pneumoniae Polysaccharide Antigens of 
the Invendon" above for preferred combinations of serotypes depending on the 
disease to be treated). 

The antigenic compositions of the invention are preferably used as vaccine 
compositions to prevent (or treat) pneumococcal infections, particularly in the elderly 
and in&nts and toddlers. 

Further ^bodiments of the present invration include: the provision of the 
above antigenic compositions for use in medicine; a method of inducing an iinnii^Tip 
response to a Streptococcus pneumoniae capsular polysaccharide conjugate, 
comprising the steps of administering a safe and effective amount of one of the above 
antigenic compo^tions to a patient; and the use of one of tiie above antigenic 
compositions in the manufacture of a medicament for the prevention (or treatment) of 
pneumococcal disease. 

For the prevention/amelioration of pneumonia in the elderiy (+55 years) 
population and Otitis media in Infants (up to 18 months) and toddlCTS (typically 18 
months to 5 years), it is a further preferred anbodiment of the invention to combine a 
multivalent Streptococcus pneumonia polysaccharide conjugate formulated as herein 
described with a Streptococcus pneumoniae protein or inmiunologically functional 
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equivalent thereof. See above section "Pneumococcal Proteins of the invention" for 
preferred proteins / protein combinations. 

Preferably the antigenic compositions (and vaccines) hereinbefore described 
are lyophiUsed up until they are about to be used, at which point they are 
5 extemporaneously reconstituted with diluent More preferably they are lyophilsed in 
the presence of SD-MFL, and are extemporaneously reconstituted with saline solution, 

Lyophilising the compositions results in a more stable composition (for 
instance it prevents the breakdown of the polysaccharide antigens). The process is also 
suiprismgly responsible for a higher antibody titre still against the pneumococcal 
10 polysaccharides. This has been shown to be particularly significant for PS 6B 
conjugates. Another aspect of the invention is thus a lyophiUsed antigenic 
conq)osition comprising a PS 6B conjugate adjuvanted with 3D-MPL and 
substantially devoid of aluminium-based adjuvants. 

For preparation of the vaccines, see above "Vaccine Preparations of the 
15 Invention" section. 

C) Bacterial polysaccharide - protein D Conjugates 

Hie trend towards combination vaccines has the advantage of reducing 
discomfort to the recipient, fecDitating scheduling, and ensuring completion of 

20 regiment; but there is also the concomitant risk of reducing the vaccine's efficacy (sec 
above for discussion on epitope suppression through overuse of carrier proteins). It 
would be, therefore, advantageous to make vaccine combinations which meet the 
needs of a population, and which, in addition, do not exhibit immunogenic 
interference between their components. These advantages may be realised by Ae 

25 immunogenic compositions (or vaccines) of the invention, which are of particular 
benefit for administration of combination vaccines to high risk groups such infants, 
toddlers or the elderly. 

The present invention provides a protein D from Haemophilus ir^uemae, or 
fragments thereof, as a carrier for polysaccharide based immunogenic composition, 

30 including vaccines. Fragments suitable for use include fragments encompassing T- 
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helper qpitopes. In particular protein D firagment will preferably contain the N- 
tenninal 1/3 of the protein. 

Protein D is an IgD-bindmg protein firom Haemophilus influenzae (EP 0 594 
610 Bl) and is a potential immunogen. 
S Polysaccharides to be conjugated to Protein D contenqplated by the present 

invention include, but are not limited to the Vi polysaccharide antigen against 
Salmonella typhi, meningococcal polysaccharides (including type A» C, W135 and Y, 
and die polysaccharide and modified polysaccharides of group B meningococcus), 
polysaccharides firom Staphylococcus aureus^ polysaccharides fiom Streptococcus 

10 agatactae^ polysaccharides fiom Streptococcus pneumoniae, polysaccharides fiom 
Mycobacteriimi e.g. Mycobacterium tuberculosis (such as mannophosphoinidtides 
trehaloses, mycolic add, mannose capped arabinomannans, the capsule therefiom and 
arabinogalactans), polysaccharide fiom Cryptococcus neoformans, the 
lipopol^accharides of nozntypeable Haemophilus ir^uenzae^ the capsular 

IS polysaccharide from Haemophilus influenzae 6, the lipopolysaccharides of Moraxella 
catharralis^ the liqpopolysaccharides of Shigella sonnei^ the lipopeptidophosphoglycan 
(LPPG) of Trypanosoma cruziy the cancer associated gangliosides GD3, GD2, the 
tumor associated mucins, especially the T-F antigen, and the sialyl T-F antigen, and 
the HIV associated polysaccharide that is structurally related to the T-F andgen* 

20 The polysaccharide may be linked to the carrier protein by any known method 

(for example, by Likhite, U.S. Patent 4,372,945 and by Armor et al^ U.S. Patent 
4,474,757). Preferably, CDAP conjugation is carried out (WO 95/08348). 

s In CDAP, the cyanylating reagent 1-cyano-dimetbylaminopyridinium 
tetrafluoroborate (CDAP) is preferably used for the synthesis of polysaccharide- 

25 protein conjugates. The cyanilation reaction can be performed under relatively mild 
conditions, which avoids hydrolysis of the alkaline sensitive polysaccharides. This 
synthesis allows direct coiq;>ling to a carrier protein. 

The polysaccharide is solubilized in water or a saline solution. CDAP is 
dissolved in acetonitrile and added immediately to the polysaccharide solution. The 

30 CDAP reacts with the hydroxyl groups of the polysaccharide to form a cyanate ester. 
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After the activation step, the carrier protein is added. Amino groins of lysine react 
with the activated polysaccharide to form an isouiea covalent Unk. 

After the coupling reaction, a large excess of glycine is then added to quench 
residxial activated functions. The product is then passed through a gel permeation to 
5 remove unreacted carrier protem and residual reagents. Accordmgly the invention 
provides a method of producing polysaccharide protein D conjugates comprising flie 
steps of activating the polysacdiaride and linkiug the polysaccharide to tiie protein D. 

In a preferred embodiment of the invention there is provided an immunogenic 
composition (or vaccine) formulation for tiie prevention of Streptococcus pneumoniae 
10 infections. 

The mechanisms by which pneumococci spread to the lung, the cerebrospinal 
fluid and the blood is poorly understood. Growth of bacteria reaching normal lung 
alveoli is mhibited by their relative dryness and by die phagocytic activity of alveolar 
macrophages. Any anatomic or physiological changes of these co^miinated defences 

15 tend to augment the susceptibility of the lungs to infection. The cell-wall of 
Streptococcus pneumoniae has an important role in gmerating an inflammatory 
response in the alveoli of the lung (Gillespie etal, (1997), I&I 65: 3936). 

Typically the Streptococcus pneumoniae vaccine of the present invention will 
comprise protein D polysaccharide conjugates, wherein the polysaccharide is derived 

20 from at least four, seven, eleven, thirteen, fifteen or 23 serotypes. See above 
""Streptococcus pneumoniae Polysaccharide Antigens of the Invention** for preferred 
combinations of serotypes depending on the disease to be tr^ted. 

In a further embodiment of the invention tiiere is provided a Neisseria 
meningitidis vaccine; in particular from sero^es A, B, C W-135 and Y. Neisseria 

25 meningitidis is one of flie most important causes of bacterial meningitis. The 
carbohydrate capsule of tfiese organisms can act as a virulence determinant and a 
target for protective antibody. Carbohydrates are nevertheless well known to be poor 
immunogens in young children. The present havention provides a particularly suitable 
protein carrier for tiiese polysaccharides, protem D, which provides T-cell epitopes 
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diat can activate a T-cell response to aid polysaccharide antigen specific B-cell 
proiiferatioa and maturation, as well as the induction of an immunologicai memory. 

In an altemadye embodiment of the invention there is provided a capsular 
polysaccharide of Haemophilus influenzae b (PRP) - protein D conjtigate. 
S The present invention also contemplates combination vaccines which provide 

protection against a range of different (Cogens. A protein D carrier is surprisingly 
useful as a carrier in combination vaccines inhere multiple polysaccharide antigens are 
conjugated As mentioned above, epitope suppression is likely to occur if die same 
aimer is used for each polysaccharide. WO 9S/51339 presented compositions to try to 

10 minimise diis interferraice by conjugating a proportion of the polysaccharides in the 
con^osition onto DT and the rest onto TT. 

Surprisingly, the present inventors have found protein D is particularly 
suitable for minimising such epitopic suppression efiTects in combination vaccines. 
One or more polysacdiarides in a combination may be advantageously conjugated 

1 5 onto protein D, and preferably all antigens are conjugated onto protein D within such 
combination vaccines. 

A preferred combination includes a 'vaccine that affords protection against 
Neisseria meningitidis C and Y (and preferably A) infection v^lierein the 
polysaccharide antigen from one or more of serotypes Y and C (and most preferably 

20 A) are linked to protein D. 

Haemophilus influenzae polysaccharide based vaccine (PRP conjugated with 
preferably TT, DT or CRMl 97, or most preferably with protein D) may be formulated 
with die above combination vaccines. 

Many Paediatric vaccines are now given as a combination vaccine so as to 

25 reduce the number of injections a child has to receive. Thus for Paediatric vaccines 
other antigens may be formulated with the vaccines of the invention. For example the 
vaccines of the invention can be formulated with, or administ^d separately, but at 
the same time with die well known *trivalent' combination vaccine comprising 
Diphtheria toxoid (DT), tetanus toxoid (TT), and pertussis components [typically 

30 detoxified Pertussis toxoid (PT) and filamentous haemagglutinin (FHA) with optional 
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pertactin (PRN) and/or agglutinin 1+2], for example the marketed vaccine 
INFANRK-DTPa*^ (SmithKlineBeecham Biologicals) which contains DT, TT, PT, 
FHA and PRN antigens, or with a whole cell pertussis component for example as 
marketed by SmithKlineBeecham Biologicals s.a,, as Tiitanrix™ The combined 
vaccine may also comprise other antigen, such as Hepatitis B surfece antigen 
(HBsAg), Polio virus antigens (for instance inactivated trivalent polio virus - IPV), 
Moraxella catarrhalis outer membrane proteins, non-typcable Haemophilus 
influenzae proteins, ^meningitidis B outer membrane proteins. 

Examples of prefenred Moraxella catarrhalis protein antigens vdiich can be 
included in a combination vaccine (e^)ecially for the prevention of otitis media) are: 
OMPI06 [WO 97/41731 (Antex) & WO 96/34960 (PMC)]; 0MP21; LbpA & LbpB 
[WO 98/55606 (PMC)J; TbpA & TbpB [WO 97/13785 & WO 97/32980 (PMC)]; 
CopB [Hehninen ME, et al. (1993) Infect Immun. 61:2003-2010]; UspAl/2 [WO 
93/03761 (University of Texas)]; and OmpCD. Examples of non-typeable 
Haemophilus influenzae antigens which can be included m a combination vacdne 
(especially for the prevention of otitis media) include: Fimbrin protein [(US 5766608 - 
Ohio State Research Foundation)] and fusions comprising peptides therefrom [eg 
LBl(f) peptide fusions; US 5843464 (OSU) or WO 99/64067]; OMP26 [WO 
97/01638 (Cortecs)]; P6 [EP 281673 (State University of New York)]; TbpA and 
TbpB; Hia; Hmwl A Hap; and D15, 

Preferred Peadiatric vaccmes contemplated by the present invention are: 

a) K meningitidis C polysaccharide conjugate and Haemophilus influenzae b 
polysaccharide conjugate, optionally with JV. meningitidis A and/or Y 
polysaccharide conjugate, provided that at least one polysaccharide 
antigen, and preferably all are conjugated to protein D, 

b) Vaccine a) with, DT, TT, pertussis components (preferable PT, FHA and 
PRN), Hepatitis B surface antigsn and IPV (inactivated trivalent 
poliovirus vaccine). 

c) Streptococcus pneumoniae polysaccharide antigens conjugated to protein 
D, 

26 
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d) Vaccine c) ivith one or more antigens ficom Moraxella catarrhalis and/or 

non-xypeablc Haemophilus influenzae. 

All the above combination vaccines, can benefit from the inclxision of protein 
5 D as a earner. Clearly, the more carriers that are involved in a combination vaccine 
(for instance to overcome epitope suppression), the more expensive and complex the 
final vaccine. Having all, or the majority, of fte polysaccharide antigens of a 
combination vaccine conjugated to protein D thus provides a considerable advantage 
For the prevention of pneumonia in the elderly (+55 years) population and 
10 Otitis media in In&nts or toddlers, it is a preferred embodimeat of the invention to 
combine a midtivalent streptococcus pneumonia polysaccharide - protein D antigens 
as herein described with a Streptococcus pneumoniae protein or immunologically 
functional equivalent thereof. See above section ""Pneumococcal Proteins of the 
invenfion** for preferred protdns / protdn combinations diat can be included in such a 
15 combinadorL 

Accordingly the present invention provides an immunogenic composition 
comprising a Streptococcus pneumoniae polysaccharide * protein D conjugate and a 
Streptococcus pneumoniae protein antigen. 

The polysaccharide - protein D conjugate antigens of the present invention are 
20 preferably adjuvanted in the vaccine formulation of the invention. Suitable adjuvants 
inriiiHp> an aluminium salt such as aluminum hydroxide gel (alum) or aluminium 
phosphate, but may also be a salt of calcium, iron or zinc, or may be an insoluble 
suspension of acylated tyrosine, or acylated sugars, cationically or anionically 
derivatised polysaccharides, or polyphosphazenes. 
25 For elderly vaccines it is preferred that the adjuvant be selected to be a 

preferential inducer of a THl type of response. 

For particular Thl adjuvants see **Thl adjuvants of the invention" above. 

In a further aspect of die present invention there is provided an immunogen or 
vaccine as herein described for use in medicme. 
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For vaccine preparation/admimstration of the conjugate, see "Vaccine 
Preparation of the Invention*' above. 

Protein D is also advantageously used in a vaccine against otitis media, as it is 
in itself an immunogen capable of producing B^U mediated protection against non- 
5 typeable K influenzae (ntHi). ntHi may invade host cells, and evade the B-cell 
mediated effects induced by the protein antigen. The present inventors have 
surprisingly found a way of increasing the effectiveness of protein D (either by itself 
or as a carrier for a polysaccharide) as an antigen for an otitis media vaccine. This is 
done by adjuvanting the protein D such that a strong Thl response is induced in the 
10 subject such that the cell mediated arm of the immune system is optimised against 
protein D. This is surprisingly achieved using a lyophilised composition comprising 
protein D and a Thl adjuvant Qsreferably 3D-MPL) which is reconstituted shordy 
before administration. The invention thus also provides such compositions, a process 
for making such compositions (by lyophilising a mixture comprising protein D and a 
15 Thl adjuvant), and a use of such a composition in the treatment of otitis media. 

In a broader sense, the inventors envisage that lyophilising an immunogen in 
tiie presence of a Thl adjuvant (see 'Till adjuvants of the invention"), preferably 3D- 
MPL, will generally augment the Thl immime response against the immunogen. The 
present invention is therefore qjplicable to any inamunogen to which a stronger Thl 
20 immune response is required. Such immunogens comprise bacterial, viral and tumour 
protein antigens, as well as self proteins and peptides. 

EXAMPLES 

25 The examples illustrate, but do not limit the invention. 

Example 1 

S^pneumoniae capsular polysaccharide: 

The U-valent candidate vaccine mcludes the capsular polysaccharides 
30 serotypes 1, 3, 4, 5, 6B, 7F, 9V, 14, 18C, 19F and 23F which were made essentiaUy as 
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described in EP 72513. Each polysaccharide is acdvaied and derivadsed using CDAP 
chemistry (WO 95/08348) and conjugated to the protein carrier. All the 
poly^charides are conjugated in their native form, except for the serotype 3 (which 
was size-reduced to decrease its viscosity). 

5 

Protein carrier: 

The protein carrier selected is the recombinant protein D (PD) from Non 
typeable Haemophilus influenzae^ expressed in£ colL 

10 EXPRESSION OF PROTEIN D 
Haemophilus influenzae protein D 
Genetic constniction for protein D expression 
Starting materials 
The Protein D encoding DNA 

15 Protein D is highly conserved among K influenzae of all serotypes and non- 

typeable strains. The vector pHIC348 containmg the DNA sequence qicoding the 
enthe protein D gene has been obtained from Dr. A. Forsgren, Department of Medical 
Microbiology, University of Lund, Malmo General Hospital, Mahn5, Sweden. The 
DNA sequence of protein D has been published by Janson et al. (199 1) Infect ImmuiL 

20 59:119-125. 

The expression vector pMGl 

The expression v^tor pMGl is a derivative of pBR322 (Gross et al,^ 198S) in 
which bacteriophage X derived control elements for transcription and translation of 
25 foreign inserted genes were uxtroduced (Shatzman et al.^ 1983). In addition, the 
Ampicillin resistance gene was exchanged with the Kanamycin resistance gene. 

The E. coB strain ARS8 

The K coll strain AR58 was generated by transduction of N99 with a PI phage 
30 stock previously grown on an SA500 derivative (gaIE::TNl 0. lambdaKil' cI857 AHl ), 
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N99 and SA500 are K coli K12 strains derived from Dr. Martin Rosenberg's 
laboratory at the National Institute of Health. 

The expression vector pMG 1 

For the production of protein D, the DNA encoding the protein has been 
cloned into the expression vector pMG 1. This plasmid utiUscs signals jfrom 
lambd^hage DNA to drive the transcription and translation of inserted foreign genes. 
The vector contains the promoter PL, operator OL and two utilisation sites (NutL and 
NutR) to relieve transcriptional polarity efiEects when N protein is provided (Gross et 
al^ 1985). Vectors containing the PL promoter, are introduced into an £. coli 
lysogenic host to stabilise the plasmid DNA. Lysogenic host strains contain 
replication-defective lambdaphage DNA integrated into the genome (Shatzman et al., 
1983). The chromosomal lambdaphage DNA directs the synthesis of the cl repressor 
protein which binds to the OL repressor of the vector and prevents binding of RNA 
polymerase to the PL promoter and thereby transcription of the inserted gene. The cl 
gene of the expression strain AR58 contains a temperature sensitive mutant so that PL 
directed transcription can be regulated by tenqjerature shift, le, an increase in culture 
temperature inactivates the repressor and synthesis of the foreign protein is initiated. 
Tins ejqoression system allow controlled synthesis of foreign proteins especially of 
those that may be toxic to the cell (Shimataka & Rosenberg, 1981). 

The K coli strain ARS8 

The AR58 lysogenic K coli strain used for the production of the pnjtein D 
carrier is a derivative of the standard NIH R coli K12 strain N99 (F su" gaIK2, lacZ" 
thr- ). It contains a defective lysog^jic lambdaphage (galE::TN10, lambdaKil' cI857 
AHl). The KU-phenotype prevents the shut off of host macxomoiecular synthesis. The 
cI857 mutation confers a temperature sensitive lesion to the cl repressor. The AHl 
deletion removes the lambdaphage right operon and the hosts bio, uvr3, and chlA loci. 
The AR58 strain was generated by transduction of N99 witii a PI phage stock 
previously grown on an SA500 derivative (galE::TN10, lambdaKil" cI857 AHl). The 
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mtroduction of the defective lysogen into N99 was selected with tetracycline by virtue 
of the presence of a TNIO transposon coding for tetracyclin resistance in the adjacent 
galE gene. 

5 Construction of vector pMGMDPPrD 

The pMG 1 vector ^ch contains the gene encoding the non-structural SI 
protein of Influenzae virus (pMGNSI) was used to construct pMGMDPPrD. The 
protein D gene was amplified by PGR firom the pHIC348 vector (Janson et al. 1991) 
with PGR primers containing Ncol and Xbal restriction sites at die S* and 3' ends, 
10 respectively. Hie Ncol/Xbal fiagment was then introduced into pMONSl between 
Ncol and Xbal thus creating a fusion protein containing the N-terminal 81 amino 
adds of the NSl protein followed by the PD protein. This vector was labeled 
pMGNSlPrD. 

Based on the construct described above the final construct for protein D 
15 expression was generated. A BamHI/BamHI fragment was removed from 
pMGNSlPrD. This DNA hydrolysis removes ib& NSl coding region, except for the 
first three N-terminal residues. Upon religation of tiie vector a gene encoding a fusion 
protein with the following N-terminal amino acid sequence has been generated: 

20 ^MDP SSHSSNMANT 

NSl Protein D 

The protein D does not contain a leader peptide or the N-tenninal cysteine to 
which Upid chains are noimaUy attached. Tbe protein is therefore neither excreted 
25 into the periplasm nor lipidated and remains in die cytoplasm in a soluble form. 

The final construct pMG-MDPPrD was introduced mto the AR58 host strain 
by heat shock at 37 ^'C Plasmid contaming bacteria were selected in die presence of 
Kanamycin. Presence of the protein D encoding DNA insert was demonstrated by 
digestion of isolated plasmid DNA with selected endonucteases. The recombinant £. 
30 coli strain is referred to as EGD4. 
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Expression of protein D is under the control of the lambda promotei/ 0^ 
Operator. The host strain AR58 contains a temperature-sensitive cl gene in the 
genome which blocks expression fiom lambda at low ten^erature by binding to 
Ol. Once the temperature is elevated cl is released fiom Ol and protein D is 
5 expressed. At the end of the fermentation the cells are concentrated and frozen. 

The extraction fiom harvested cells and the purification of protein D was 
performed as follows. The fiozen cell culture peUet is thawed and resuspended in a 
ceU disruption solution (Citrate buflfer pH 6.0) to a final OD^ - 60. The suspension is 
passed twice through a high pressure homogenizer at P » 1000 bar. The ceU culture 

10 homogenate is clarified by centrifiigation and ceU debris arc removed by filtration. In 
the first purification step the filtered lysate is appHed to a cation exchange 
chromatography column (SP Sepharose Fast Flow). PD binds to the gel matrix by 
ionic interaction and is eluted by a step tncrease of the ionic strragth of the elution 
buffer. 

15 In a second purification step mipurities are retained on an anionic exchange 

matrix (Q Sepharose Fast How). PD does not bind onto the gel and can be coUected in 
the flow dirough. 

In both column chromatography steps fraction coUection is monitored fay OD. 
The flow tiirough of the anionic exchange column chromatography containing Ae 
20 purified protein D is concentrated by ultrafiltration. 

The protein D cont^ning uhrafiltration retentate is finally passed Arough a 0.2 
^m membrane. 



Chemistty: 
25 Activation and coupling chemistry: 

The activation and coupling conditions are specific for each polysaccharide. 
These are given in Table 1. Native polysaccharide (except for PS3) was dissolved in 
NaCI 2M or m water for iiyection. The optimal polysaccharide concentration was 
evaluated for all the serotype. 
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Fiom a 100 mg/ml stock solution in acetonitrile, CDAP (CDAP/PS ratio 0.75 
mg/mg PS) was added to the polysaccharide solution, 1.5 minute later, 0.2M 
triethylamine was added to obtain the specific activation pH. The activation of the 
polysaccharide was performed at this pH during 2 minutes at 25 ^C. Protein D (the 
5 quantity depends on the initial PS/PD ratio) was added to the activated polysaccharide 
and the coupling reaction was performed at the specific pH for 1 hour. The reaction 
was then quenched with glycine for 30 minutes at 25 °C and overnight at 4 °C. 

The conjugates were purified by gel filtration using a Sephacryl 500HR gel 
filtration column equilibrated with 0.2M NaCl. 
10 The carbohydrate and protein content of the eluted fiactions was determined. 

The conjugates were pooled and sterile filtered on a 0.22^m sterilizing membrane. 
The PS/Protein ratios in the conjugate preparations were determined. 

Charaderisation: 

15 Each conjugate was characterised and met the specifications described in 

Table 2. The polysaccharide content (^g/ml) was measured by the Resorcinol test and 
the protein content (jig/ml) by the Lowry test The final PS/PD ratio (w/w) is 
determined by the ratio of the concentradons. 

20 Residual DMAP content (ng/fig PS): 

The activation of the polysaccharide with CDAP introduces a cyanate group in 
the polysaccharide and DMAP (4-dimethylaininO'pyridin) is liberated. The residual 
DMAP content was determined by a specific assay developed at SB. 

25 Free polysaccharide content (%): 

The free polysaccharide content of conjugates kept at 4*'C or stored 7 days at 
37°C was determined on the supernatant obtained after incubation with a-PD 
antibodies and saturated ammonium sul&te, followed by a centrifiigation. 

An a-PS/a-PS ELISA was used for the quantification of fi^e polysaccharide 
30 in the supernatant . The absence of conjugate was also controlled by an a-PD/a-PS 
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ELISA. Reducing the quantity of free polysaccharide results in an improved conjugate 
vaccine. 

Antigenicity: 

5 The antigenicity on the same conjugates was analyzed in a sandwich-type 

ELISA wherein the capture and the detection of antibodies were a-PS and a-PD 
respectively. 

Free protein content (%): 
10 The level of "free" residual protein D was determined by using a method with 

SDS treatment of the sample. The conjugate was heated 10 min at 100°C in presence 
of SDS 0.1 % and injected on a SEC-HPLC gel filtration column (TSK SOOO-PWXL), 
As protein D is dimer, there is a risk of overestimating the level of "free" protein D by 
dissociation the structure with SDS. 

15 

Molecular size (KJ)z 

The molecular size was performed on a SEC-HPLC gel filtration column CTSK 
SOOO^PWXL). 

20 StabiUty: 

The stability was measured on a HPLC-SEC gel filtration (TSK 6000-PWXL) 
for conjugates kept at 4''C and stored for 7 days at 37°C. 
The 1 1-valent characterization is given in Table 2 

The protein conjugates can be adsorbed onto aluminium phosphate and pooled 
25 to form the final vaccine. 

Conclusion: 

Immunogenic conjugates have been produced, that have since been shown to 
be components of a promising vaccine. The optunised CDAP conditions for the best 
3D quality final conjugated pneumococcal polysaccharide product was discovered for 
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each of die 11 valencies. Conjugates of these pneumococcal polysaccharides 
obtainable by the above improved (optimised) CDAP process (regardless of the carrier 
protein, but preferably protein D) is thus a further aspect of the invention. 

5 Example 2 - Study of the Effect of Advanced Adjuvants on tihe Immnnogenicity 
of the 11-Valent Pneumococcal PS-PD Conjugate Vaccine in Infont Rats 

Infant rats were immunised with 1 1 valent pneumococcal PS-PD conjugate 
vaccine at a dosage of 0.1 each polysaccharide (made according to the method of 
Example 1), and using the following adjuvant formulations: none, AIPO4, 3D-MPL, 
10 3D-MPLonAlP04. 

The formulation with only 3D-MPL was statistically (and surprisingly) more 
inununogenic (greatest GMC IgG) than for the other fbimulations for S out of 1 1 
antigens, lliis was true botib at high and low concentrations of 3D-MPL. 

Opsonophagocytosis confirmed the GMC results. 

15 

Materials and Methods 

Immunisation Protocol 

Tnfiant OFA rats were randomised to di&rent mothers and were 7 days old 
vdien they received the first immunisationu They received 2 additional immunisations 
20 14 and 28 days later. A bleed was perfomied on day 56 (28 days post 111). All 
vaccines were injected sx., and there were 10 rats per vaccine group. 

The rats were inmiunised with an 1 1 valent pneumococcal conjugate vaccine 
con4)rising the following polysaccharide serotypes conjugated onto protein D: 1, 3, 4, 
5, 6B, 7F, 9V, 14, 18C, 19F, 23F. 

25 

Formulation 

To examine the effect of different advanced adjuvants, the dosage of conjugate 
was held constant at 0.1 of each polysaccharide, and the adjuvants AlPO^ and 3D- 
MPL were formulated in different dosages and combinationSf including no adjuvant at 
30 alL Tliese are listed numerically in Table 3 for reference. 
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Adsorption onAlF04 

The concentrated, adsorbed monovalents were prepared according to the 
following procedure. 50 \ig AIPO4 (pH 5.1) was mixed with 5 fig conjugated 
5 polysaccharides for 2 hours. The pH was adjusted to pH 5.1 and the mixture was left 
for a further 16 hours. ISOOmM NaCl was added to make up the salt concentration to 
150 mM. After 5 minutes 5 mgfmL 2-phenoxyethanol was added. After a further 30 
minutes the pH was adjusted to 6. 1 , and left for more than 3 days at 4 °C. 

1 0 Preparation of diluents 

Three diluents were prepared in NaCl 150 mM/ 5 mg/mL phenoxyethanol 
A: AIPO4 at 1 mg/ml- 

B: 3D-MPL on AIPO4 at 250 and 1000 jig/ml respectively Weight ratio 3D- 
MPL/AlPO4 = 5/20 

15 C: 3D-MPL on AIPO4 at 561 and lOOOjig/ml respectively Weight ratio 3D- 
MPL/A1P04^ 50/89 

Preparation of adsorbed undecavalent 

The eleven concentrated, adsorbed PS-PD monovalents were mixed at the 
20 correct mtio. The complement of AIPO4 was added as the diluent A. When required, 
3I>-MPL was added either as an aqueous solution (non adsorbed. Way 1 see below) or 
as the diluent B or C {3D-MPL adsorbed on AIPO4 at 2 doses, Way 2, see below). 

WqyJ 

25 3D-MPL was added to the combined adsorbed conjugates as an aqueous 

suspension. It was mixed to the undecavalent for 10 minutes at room temperature and 
stored at 4 °C until administration. 

W(iy2 
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3D-MPL was preadsorbed onto AIFO4 before addition to the combined 
adsorbed conjugates (diluent B and C). To prepare 1 ml of diluent, an aqueous 
suspension of 3D-MPL (250 or 561 lig) was mixed with 1 mg of AIPO4 in NaCl 150 
mM pH 6.3 for 5 min at room temperature. This solution was diluted in NaCl pH 
5 6.1/phenoxy and mcubated overnight at 4 °C. 

Preparation of non-adsorbed undecavalent 

The eleven PS-PD conjugates were mixed and diluted at the right ratio in NaCl 
150 mM pH 6.1, phenoxy. When required, 3D-MPL was added as a solution (non 
10 adsorbed). 

The formulations for aO injections were prepared 18 days before the first 
administration. 

15 ELISA 

The ELISA was performed to measure rat IgG using the protocol derived fiom 
the WHO Workshop on the ELISA procedure for the quantitation of IgG antibody 
against Streptococcus pneumoniae capsular polysaccharides in human serum. In 
essence, purified c£^ular polysaccharide is coated directly on the microtitre plate. 

20 Serum samples are pie-incubated with the cell-wall polysaccharide common to all 
pneumococcus (substance C) and ^ch is present in ca. 0.5% in pneumococcal 
polysacdiarides purified according to disclosure (EP 725 13 B 1 ). Jackson 
ImmunoLaboratories Inc. reagents were employed to detect bound murine IgG. The 
titration curves were referenced to internal standards (monoclonal antibodies) 

25 modeled by logistic log equation. Tlie calculations were performed using SoftMax 
Pro software. The maximum absolute error on these results expected to be within a 
factor of 2. The relative error is less than 30%. 

Opsonophagocytosis 
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Opsonic titres were determined for serotypes 3, 6B, 7F, 14, I9F and 23F 
using the CDC protocol (Streptococcus pneumoniae Opsonophagocytosis using 
Differentiated HL60 cells, version 1.1) with purified human PMN and baby rabbit 
complement Modification included the use of in-house pneumococcal strains, and the 
5 phagocytic HL60 cells were replaced by purified human neutrophils PMN (there is a 
high degree of conclation between these phagocytic cells). In addition, 3 mm glass 
beads were added to the microtitre wells to increase mfacing, and this allowed 
reduction of the phagocyterbacteria ratio which was recommended to be 400. 

10 Results 

IgG Concentrations 

The geometric mean IgG concentrations determined for every serotype, and 
PD are shown in Tables 4 to 10. For serotypes 6B, 14, 19F and 23F, previous results 
obtained using a tetravalent formulation are included for comparison. 

15 The highest IgG concentrations have been highlighted in Tables 4 to 10. The 

statistical p value for 3D-MPL compositions vs. 3D-MPL/ AIPO4 conqsositions is in 
Table II. Adjuvant formulation number 4 (non-adsorbed conjugates with high dose 
3p-MPL) that gives the highest GMC's fbr 9 out of 1 1 cases. In 5/1 1 cases, MPL at 
the low dose is the second most immtmogenic. In addition, adjuvantation gives higher 

20 GMC*s than by modifying the dose for all serotypes (data not shown), and this is 
statistically significant fbr serotypes 4, 6B, 7F, 18C and 23F (p < 0.05 bom 95% CI). 

Opsonophagocytosis 

Opsonophagocytosis results on pooled sera is shown for serotypes 3, 6B, 7F, 
25 14, 19F and 23F in Tables 4 to 8. For the most part, these opsonic titres confirm the 
GMC IgG. Indeed, the correlation with IgG conccntradon is greater than 85% tor 
serotypes 6B, 19F, 23F (data not shown). For serotype 3, it is important to note that 
only the 3D-MPL group induced opsonic activity above the threshold. 
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Conclusions 

In this experiment, it was unexpected that tiie use of 3D-MPL alone would 
induce the highest IgG concentrations. 

The maximal GMC IgG obtained with modifying the adjuvant was compared 
S with the maximal GMC obtained by modifying the PS dosage, and it was found that 
3D-MPL could induce significantly higher responses in 5/1 1 serotypes. 

Table 11 shows that \*en 3D-MPL and 3D-MPL/ AIPO4 compositions are 
compared (comparing the process of formulation, and the dose of 3D-MPL), 5 of the 
poly^charide conjugates are significantly improved, in terms of immunogenicity, 
10 when formulated with just 3D-MPL rather than 3D-MPL plus AlPO,: PS 4, PS 6B, 
PS18C,PSI9F, andPS23R 

Example 3 - Study of die effect of combinatioa on the immunogenicity of PS 4, 
PS 6B, PS 18C, PS 19F, and PS 23F conjagates in adnit rats 
IS Adult rats were immunised with pneumococcal polysaccharide-protein D 

conjugate vaccines either individually, or combined in a multivalent composition 
(eith^ tetra-, penta-, hepta-, or decavalent). Groiqjs of 10 rats were immunised twice 
28 days apart, and test bleeds were obtained on day 28 and day 42 (14 days aflsr the 
2«'dose). 

20 The sera were tested by EUSA for IgG antibodies to the pneumococcal 

polysaccharides. All conjugates induced specific IgG antibodies as measured by 
ELISA. Table 12 shows the effect of combination of monovalent PS 6B, PS 18C, PS 
19F, and PS 23F protein O conjugates on their immunogenicity in adult rats, as 
measured by IgG concnetration at 14 days post 2**** dose. 

25 Statistical analysis was performed on all samples to detennine if differences 

in antibody concentration upon combination were significant The combination of any 
of seroQrpes PS 6B, PS 18C, PS 19F, and PS 23F protein D conjugates in a 
multivalent vaccine did not significantly change their immunogenicity. 
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Table 1 

Specific activatiott/conplins/^qncnching conditions of PS S.Dneumoniae-Protein D 

coniPgates ) 



Serotype 


1 


3 

(Hiluid.) 


4 


5 


6B 


7F 


PS 

conc.(mg/inl) 


2.0 


3.0 


2.0 


7.5 


5.4 


3.0 


PS dissolution 


NaCl 
2M 


NaC12M 


HP 


HP 


NaC12M 


NaC12M 


PD 

cone.(ing/inl) 


5.0 


5.0 


5.0 


5.0 


5.0 


5.0 


Initial PS/PD 
Ratio (wAv) 


1/1 


1/1 


1/1 


1/1 


1/1 


1/1 


CDAPeonc. 
(rag^PS) 


0.75 


0.75 


0.75 


0.75 


0.75 


0.75 




9.0/9.0/9.0 


9.0/9.0/9.0 


9.0/9.0/9.0 


9.0/9.0/9.0 


9.5/9.5/9.0 


9.0/9.0/9.0 



Serotype 


9V 


14 


18C 


19F 


23F 


PS 

conc.(nig/nil) 


2.5 


2.5 


2.0 


4.0 


3.3 


PS dissolution 


Naa2M 


NaC12M 


HjO 


Naa2M 


NaC12M 


PD 

conc^mg/mO 


5.0 


5.0 


5.0 


5.0 


5.0 


Initial PS/PD 
Ratio (w/w) 


1/0.75 


1/0.75 


1/1 


1/0.5 


1/1 


CDAPeonc 
(mg^gPS) 


0.75 


0.75 


0.75 


0.75 


0.75 


pH.«pH.=pH, 


8.5/8.5/9.0 


9.0/9.0/9.0 


9.0/9.0/9.0 


10/9,5/9.0 


9.0/9.0/9.0 
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Table 3. Summary Table of Adjuvant Formulations tested with 11-Valent 



Pneumococcal PS-PD in Infant Rats 



Group 


A1P04 


MPL 


Method 


DescriDtion 


1 








None 


2 


100 






A1P04 


3 




5 




MPL low 


4 




50 




MPLHkh 


5 


100 


5 


Wavl 


Wav 1 low 


6 


100 


50 


Wavl 


Way 1 hieh 


7 


100 


5 


Wav2 


Wav 2 low 


8 


100 


50 


Way 2 


Wav 2 hieh 



5 

Table 4, Serotype 6B Geometric Mean IgG Concentration, Seroconversion, and Mean 
Opsonic Titrc on Day 28 Post III Immunisation of Infent Rats with 11-Valent PS-PD 
using Different Adjuvants (And Comparison with Tetravalent Immunisation) 



Gro 


AIP 


MPL 


Method 


6B 


6B 


6B 


63 


6B 


6B 


up 


04 






GMC 


Scro- 


Opso 


GMC 


Sero< 


Opso 




M 






IgG 


con- 


Titre* 


IgG 


con- 


Titre* 










OigAnI) 


vei3ion 




(jig/ml) 


version 












Tetravaleat 


Uadecavalent 


1 








0.047 


2/10 


12.5 


0.004 


1/10 


<6.25 


2 


100 






0.048 


mo 


65 


0.019 


4/10 


<6.25 


3 




5 










1.345 


10/10 


43 


4 




30 










4.927 


10/10 


192 


5 


100 


5 


1 








0.042 


7/10 


<6.25 


6 


100 


50 


1 








0.255 


10/10 


<6.25 


7 


100 


5 


2 


0.033 


3/10 


<6.25 


0.048 


8/10 


<6.25 


8 


100 


50 


2 








0.057 


8/10 


<6.25 



0 
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Table 5. Serotype 14 GrecTnetric Mean IgG Concentration, Seroconversion, and Mean 
Opsonic litre on Day 28 Post Ul Immunisation of Infent Rats with 1 1-VaIent PS-PD 
using Different Adjuvants (And Comparison with Tetravalent Immunisation) 



Gro 
up 


AlP 
04 


MPL 


Method 


14 

GMC 

IgG 

(Hg/ml) 


14 

Sero- 
con- 
version 


14 

Opson 
ic 

litre* 


14 

GMC 

IgG 

(^ig/ml) 


14 

Sero- 

coo- 

version 


14 

Opson 
ic 

Titre* 










Tetravalent 


Undecaval 


ent 


1 








0.046 


3/10 


64 


0.022 


3/10 


<6.25 


2 


100 






0.99 


10/10 


88 


0.237 


8/10 


27 


3 




5 










0233 


10/10 


41 


4 




50 










0.676 


10/10 


81 


5 


100 


5 


I 








0.460 


9/10 


67 


6 


100 


50 


1 








0.477 


10/10 


98 


7 


100 


5 


2 


0.81 


10/10 


49 


0.165 


8/10 


81 


8 


100 


SO 


2 








1.611 


10/10 


133 



5 

Table 6. Serotype 19F Geometric Mean IgG Concentration, Seroconversion, and Mean 
Opsonic Titre on Day 28 Post III Immunisation of Infant Rats with 1 1-Valent PS-PD 
using Different Adjuvants (And Comparison with Tetravalent Immtmisation) 



Gro 


AlP 


MPL 


Method 


19F 


19F 


19F 


19F 


19F 


19F 


up 


04 






GMC 


Sero- 


Opson 


GMC 


Sero- 


Opson 




m 






IgG 


con- 


ic 


IgG 


COQ- 


ic 












version 


Titre* 


(jig/ml) 


vosion 


Titre* 










Tetravalotit 


Undecavalent 


1 








0.04 


2/10 


64 


0.021 


2/10 


<625 


2 


100 






1.07 


9/10 


367 


0222 


7/10 


79 


3 




5 










4.028 


10/10 


296 


4 




so 










21.411 


10/10 


1276 


5 


100 


5 


1 








1.649 


10/10 


172 


6 


100 


50 


1 








2.818 


10/10 


208 


7 


100 


5 


2 


1.09 


10/10 


193 


0.766 


10/10 


323 


8 


100 


50 


2 








3.539 


10/10 


241 



0 
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Table 7. Serotype 23F Geometric Mean IgG Concentration, Seroconversion, and Mean 
Opsonic litre on 28 Post III Immunisation of Infent Rats with 1 1-Valent PS-PD 
using Different Adjuvants (And Comparison with Tetravalent Immunisation) 



Gro 
up 


AJP 

04 

M8 


N4PL 

Me 


Method 


23F 
GMC 
IgG 
Oig/ml) 


23F 
Scro- 
con- 
version 


23F 

Opson 

ic 

Titre* 


23F 
GMC 
IgG 
(^g/Inl) 


23F 
Sero- 
con- 
version 


ic 

Titre' 










Tetravalent 


Undecava 


ent 




1 








0.06 


2/10 


<625 


0.152 


3/10 


<6.25 


2 


100 






0^9 


10/10 


70 


0.56 


8/10 


<6.25 


3 




5 










2296 


9/10 


389 


4 




50 










4.969 


10/10 


>1600 


5 


100 


5 


1 








0.462 


5/10 


17 


6 


100 


50 


1 








0.635 


8/10 


54 


7 


100 


5 


2 


0.38 


10/10 


<625 


0.203 


3/10 


IS 


8 


100 


50 


2 








0.501 


7/10 


43 



Table 8. Serotypes 3 and 7F Geometric Mean IgG Concentration, Seroconversion, and 
Mean Opsonic Titre on Day 28 Post m Immunisation of Infant Rats with 1 1-Valent PS- 
1 0 PD using Different Adjuvants 



Gro 


AlP 


MPL 


Method 


3 


3 


3 


7F 


7F 


7F 


up 


04 


K 




GMC 


Sero- 


Opson 


GMC 


Sero- 


Opson 




V* 






IgG 


con- 


ic 


IgG 


con- 


ic 










(iig/ad) 


version 


Title* 


(^g/ml) 


version 


Titre* 


1 








O.003 


1/10 


<6.25 


0.040 


7/10 


<6.25 


2 


100 






0.008 


6/10 


<6.25 


0.25 


9/10 


43 


3 




s 




0.070 


10/10 


<6.2S 


2.435 


10/10 


477 


4 




50 




0.108 


10/10 


18 


2.569 


10/10 


332 


5 


100 


5 


I 


0.015 


10/10 


<6.25 


0.579 


10/10 


54 


6 


100 


50 


1 


0.027 


10/10 


<6.25 


0.611 


9/10 


59 


7 


100 


5 


2 


0.006 


10/10 


<6.25 


0.154 


8/10 


30 


8 


100 


50 


2 


0.034 


10/10 


<6.25 


0.638 


[9/10 


140 
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Table 9. Serotypes 1, 4 and 5 Geometric Mean IgG Concentration and Seroconversion 
on Day 28 Post III Inununisation of Infent Rats with 11-Valent PS-PD using Different 
Adjuvants 



5 



Gro 


AlP 


MPL 


Metnod 


1 


1 


4 


4 


5 


5 


un 
up 




I'S 




OMC 


Sero- 








Scro* 










IgG 


con- 


IgG 


con- 


IgG 


con- 










(Hg/ml) 


vetsion 


(Hg/ml) 


version 


(Mg/ml) 


version 


1 








0.026 


4/10 


0.005 


0/10 


0.040 


3/10 


2 


100 






0^82 


8/10 


0.052 


5/10 


0.774 


9/10 


3 




5 




1.614 


10/10 


3^52 


10/10 


7.927 


10/10 


4 




50 




2J261 


10/10 


7.102 


10/10 


13.974 


10/10 


5 


100 


5 


1 


0J68 


10/10 


0.676 


10/10 


3.015 


10/10 


6 


100 


50 


1 


1.430 


10/10 


0.419 


9/10 


5.755 


10/10 


7 


100 


5 


2 


0.478 


10/10 


0.267 


9/10 


2.062 


10/10 


8 


100 


50 


2 


1.458 


10/10 


0.423 


10/10 


5.009 


10/10 



Table 10. Serotypes 9V, 18C and PD Geometric Mean IgG Concentration and 
Seroconversion on Day 28 Post HI Immunisation of Infant Rats with 1 1-VaIent PS-PD 
1 0 using DifTerent Adjuvants 



Oio 


AlP 


MPL 


Method 


9V 


9V 


I8C 


18C 


PD 


PD 


up 


04 


i>e 




CMC 


Sero- 


GMC 


Sero- 


GMC 


Sero- 




W 






IgO 


con- 


IgG 


con- 


IgO 


con- 










Oxg/ml) 


version 


(Hg/ml) 


version 


(jig/mi) 


version 


1 








0.018 


mo 


0.013 


1/10 


0.003 


0/10 


2 


100 






0.489 


6/10 


0.092 


5/10 


0.993 


10/10 


3 




5 




0.482 


7/10 


6.S60 


10/10 


3.349 


10/10 


4 




50 




11.421 


10/10 


14.023 


10/10 


5.446 


10/10 


5 


100 


5 


1 


2.133 


9/10 


0.690 


10/10 


11.407 


10/10 


6 


100 


50 


1 


2J58 


10/10 


1.771 


10/10 


1.258 


10/10 


7 


100 


5 


2 


1.536 


10/10 


0.528 


10/10 


1.665 


8/10 


8 


100 


50 


2 


2.448 


9/10 


0.980 


10/10 


5.665 


10/10 
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Table 1 1 : The statistical significance (p value) of whether certain pneumococcal 
polysaccharide conjugates had improved immunogenicity when formulated with 31>- 
MPL alone versus with 3D-MPL/A1P04. A p value under 0.01 is considered highly 
5 significant Way 1 and Way 2 indicate the method of formulation. 



serotype 


50 |ig 3D-MPL V 3D-MPL/A1P0^ 


5 fig 3D-MPL vs 3D-MPL/A1P0* 


Wayl 




Wayl 


Way 2 


1 


0.3 


0.05 


0.079 


0.11 


3 


0.075 


0.01 


0.27 


0.008 


4 


0.002 


0.0003 


0.02 


0.003 


5 


0.04 


0.002 


0.1 ■ 


0.12 


6B 


0.001 


0.0001 


0.001 


0.0006 


7F 


0.13 


0.15 


0.01 


0.005 


9V 


0.02 


0.02 


0.1 


0.04 


14 


0.65 


0.21 


0.3 


0.66 


18C 


0.0008 


0.0002 


0.006 


0.004 


19F 


0.0009 


0.006 


0.21 


0.04 


23F 


0.002 


0.0004 


0.01 


0.0004 



Table 12: Geometric Mean IgG concentration (pfi/mL) on day 14 post 2"* dose after 
10 inmiunisation of adult rats with 1.0 fig polysaccharide-protein D conjugate alone or 
combined in tetravalent, pentavalent, heptavalent or decavalent vaccine. These data are 
combined fium S separate e}q)eriments. 



Sraotypes 
Vaccines 


4 
H 


6B 
T 


18C 
H 


19F 
T 


23F 
T 


Alone 


9.3 


0.11 


15 


5.2 


2.5 


Combined 


4 


0.23 


3.7 


3.7 


2.8 


T: combmed m tetravaiait (1) (PS 6B, 14, 19F, 23F), pentavalent (T plus P 
heptavalent (H) (T plus PS 4, 9V and 1 8C), and decavalent (H plus PS 1 , 5 
combination vaccines. H: combined in heptavalent (H) (T plus PS 4, 9V am 
decavalent (H plus PS I, 5 and 7F) combination vaccmes. 


S3). 

and7F) 

il8C),and 
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Example 4 - Beneficial impact of the addition of pneumolysin and 3D-MPL on the 
protective effectiveness of PD-conjugated 11-valent poly saccharide vaccine against 
pneumococcal lung colonization in mice 

5 

Immunologicat read-outs 

ELISA dosage of pneumolysinrspecific serum IgG 

Maxisoip Nunc immunoplates were coated for 2 hours at 2TC with 100 jil/well 
of 2 ^g/ml recombinant native pneumolysin (PLY) diluted in PBS. Plates were washed 3 

10 times with NaCl 0.9% Tween-20 0.05% buffer. TTicn, serial 2-fold dilutions (in PBS/ 
Tween-20 0.05%, 100 ^1 per well) of an anti-PL Y serum reference added as a standard 
curve (starting at 670 ng/ml IgG) and serum samples (starting at a 1/10 dilution) ware 
incubated for 30 minutes at 20°C under agitation. After washing as previously described, 
peroxydase-conjugated goat anti^mouse IgG (Jackson) diluted 5000x in PBS/ Tween-20 

15 0.05% were incubated (100 fil/well) for 30 minutes at 20**C under agitation. After 
washing, plates were incubated for 15 min at room temperature with 100 ^1/well of 
revelation buffer (OPDA 0.4 mg/ml and H2O2 0.05% in lOQmM pH 4.5 citrate buffer). 
Revelation was stopped by adding SO ^l/well HCl IN. Optical densities were read at 490 
and 620 nm by using Emax immunoreader (Molecular Devices). Antibody txtre were 

20 calculated by the 4 parameter mathematical method using SoftMaxPro software. 

Hemolysis inhibition 

This assay was done for measuring die ability of serum antibodies to inhibit the 
pneumolysin (PLY) hemolytic activity. In order to elimmate the cholesterol (susceptible 

25 of interacting widi PLY), serum samples were treated 2x as follows: they were mixed 
mth 1 equal volume of chloroform and then incubated for 45 minutes under agitation. 
Si3pematants were collected after centrifiigation for 10 minutes at 1 000 rpm. Cholesterol- 
cleared sera were diluted (serial 2-fold dilutions in 1 mM ditiiiothreitol, 0.01% BS A, 15 
mM TRIS, 150mM NaCl, pH 7.5) in 96 well microplates (Nunc). Fifty ^il of a solution 

30 containing 4 HU (Hemolysis Unit) of PLY were added in each well and incubated for 15 
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minutes at 37°C. Then, IDO |al of sheep red blood cells (1 % solution) were added for 30 
minutes at ST^'C, After centrifugation for 10 mmutes at 1000 rpm, supematants (150 \x\) 
were collected and put into another 96-welI microplate for optical density reading at 405 
nm. Results were expressed as mid-point dilution titers. 

Pneumolysm chemical detaxtfication 

Recombinant native pneumolysin (PLY) was dialyzed against Phosphate 50 mM 
NaCl 500 mM pH 7.6 buffer. All foUowing steps were done at 39.5°C under episodic 
agitation. At day 1, Tweeu-80 10% (1/250 v/v), N-acetyl tryptophan 57.4 mM pH 7.6 
(3/100 v/v). glycin 2,2 M in Phosphate buffer (I/lOO v/v) and formaldehyde 10% in 
Phosphate buffa- (3/100 v/v) were added mto PLY solution. At days 2 and 3, 
fonnaldehyde 10% was added agam, at 3/100 and 2/100 v/v ratio, respectively. 
Incubadon at 39,5'C was sustained until day 7 under episodic agitation. Finally, PLY 
was dialy2ed against Phoq>hate 50 mM NaCl 500 mM pH 7.6 buffer. Complete 
inactivatiou of PLY was demonstrated in the hemolysis assay. 

Pneumococcal Intranasal challenge in OFl mice 

Seven week-old OFl female mice were inttanasally inoculated under anesfliesia 
with 5-10* CPU of mouse-adq)ted S, pneumoniae serotype 6B. Lungs were removed at 6 
hours after challenge and homogenized (Ultramax, 24000 rpm, 4°C) in Todd Hewith 
Broth (THB. Gibco) medium. Serial 10-fold dilutions of lung homogenates were plated 
overnight at 37*0 onto Petri dishes containing yeast extract-supplemented THB agar. 
Pneumococcal lung infection was determined as the number of CFU/mouse, e3q)ressed as 
logarithmic weighted-average. Detection Umit was 2.14 log CFU/mouse. 

Example 4A SD-MPL adjuvant effect on anti-pneumolysm immme response 

In the present example, we evaluated the impact of 3D-MPL adjuvantation on the 
inunune response to native recombuiant pneumolysin (PLY, provided by J. Paton, 
Children's Hospital, North Adelaide, Australia) and its chemically detoxified countcrpan 
(DPLY). Chemical detoxification was done as described above. 
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Groins of 10 fem&le 6 week-old Balh/c mice were intramuscularly immunized at 
days 0, 14 and 21 with 1 ^g PLY or DPLY contained in either A: A1P04 100 jig; or B: 
A1P04 100 jxg + 5 fig 3D-MPL (3 de-O-acylated monophosphoiyl lipid A, supplied by 
Ribi Immunochem). Figures lA and IB show ELISA IgG and HemoLysis Inhibition 
5 titers (HLI) measured in post-Hi seia. 

Whichever the antigen, best immune responses were induced in animals 
vaccinated with 3D-NfPL^upplemented formulations. Interestingly, DPLY was as 
immunogenic as PLY v*en administered with A1P04 + 3D-MPL, while being a weaker 
immunogra in A1P04 formulation. This showed the advantageous ability of 3D-MPL to 

10 improve die antibody refuse to detoxified pneumolysin. 

In compositions containing pneumolysin, it may be preferable to use chemically 
detoxified pneumolysin rather than mutationally detoxified pneumolysin. This is because 
detoxified mutants obtained to date still have residual toxin activity - diemically 
detoxifed pneumolysin does not It is therefore considered another aspect of the mvention 

IS that, in goieral, compositions comprising pneumolysin (or pneumolysin mutants) that 
has been ch^cally detoxified for use in a vaccine, should be adjuvanted with a Thl 
adjuvant, preferably 3D-MPL* Such compositions are provided by tiie invention. A 
method of increasing the immune response of chemically-detoxifed pneumolysin within 
an immunogenic composition comprising ibc steps of adding a Thl adjuvant (preferably 

20 3D-MPL) to the compositioii, is also envisaged. 

Example 4B Benefickd intact of the addition of an attenuated mutant of pneumolysin 
and SD-MPL adjmant on the protective effectiveness of PD-conjugated ll-valent 
polysaccharide vaccine against pneumococcal lung colonization in OFl mice 
25 intranasally challenged with serotype 6B. 

In the present example, we evaluated the prophylactic eflBcacy of a vaccine 
containing the ll'Valent polysaccharide-protein D conjugate, attenuated mutant 
pneumolysin antigen (PdB, WO 90/06951) and A1P04 + 3I>MPL adjuvants, compared 
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to the classical AlP04nadsorbed ll-valent polysaccharide^protein D conjugate 
fonnulatiozL 

Groups of 12 female 4 week-old OFl mice were immimized subcutaneously at 
days 0 and 14 with formulations containing A: 50 jig AIP04; B: 0.1 fig PS/serotype of 
5 PD-coi\jugated 11-valent polysaccharide vaccine + 50 \xg A1P04; or C: 0.1 
PS/serotype of PD-conjugated 11-valent polysaccharide vaccine + 10 ^g PdB (provided 
by J. Paton, Children's Hospital, North Adelaide, Australia) + 50 jig A1P04 + 5 |ig 30- 
MPL (supplied by Ribi Immunocheni). Challenge was done at day 21 as described 
above. 

10 As shown m Figure IC, a very significant protection (p < 0.007) was conferred 

by the 11-valent polysaccharide conjugate vaccine supplemented with PdB and 
adjuvanted with AIP04 + MPL (black bars represent the arithmetic mean). On the 
contrary, no significant protection was observed in animals immunized with the 11- 
vaient polysaccharide conjugate / A1P04 fonnulation. This result proved that the 

15 addition of pneumolysin antigen (even attenuated) and 3D-MPL adjuvant enhanced the 
effectiveness of the 1 1-vaIent polysaccharide conjugate vaccine agamst pneumonia. 

Example 4C, immune correlates of the protection showed in example 4B 

In order to establish the immune coiielates of protection conferred in example 
20 4B, by (he 11-valent polysaccharide conjugate vaccine supplemented with attenuated 
mutant pneumolysin (PdB) and 3D-MPL, pie-challenge serological antibody responses 
to polysaccharide 6B and PdB were measured as described above. 

Antibody titers were then con^iared to bacteria colony numbers measured in 
lungs of the corresponding animals collected at 6 hours post-challenge. were 
25 calculated on Log/Log linear regressions. 

Calculated were equal to 0.18 and 0,02 for anti-PdD and anti-6B antibody 
responses, respectively. This showed the absence of correlation between humoral 
immune responses and protection for both antigens. Anti-6B antibody titers were not 
significantly diflFerent in the groups immunized with thell-valent conjugate vaccine 
30 (GMT « 0.318 ng/ml) or with the same vaccine supplemented with PdD and 3D-MPL 
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(GMT = 0.458 ng/ml)* Therefore, the protection improvement seen with formulation C 
was not solely due to a higher antibody response to polysaccharide 6B. 

Taken together, the results suggest that protection was not mediated by humoral 
immune responses alone, but rather also by a cell-mediated immunity induced by the 
5 PdB antigen in the presence of 3D-MPL. This gave additional support to the addition of 
protein antigen(s) and potent adjuvant(s) in the pneumococcal polysaccharide conjugate 
vaccine, so as to coordinate both aims of the immune system for optimal protection. 

Example 5 - The Cooperation of boA arms of the Immune System in mice actively 
10 immunised witih pneumolysin and passively immunised with antibodies against 
pneumococcal PS 

Example 5A - Find the Concentration of Passively Administered Anti*6B- 
Polysaccharide (anti-PS) Antibody Protecting Agmnst Pneumonia 

15 

Method 

Vaccine Groups: Four groups of 16 mice were passively immunised (i.p.) on day 
-1 with 100 ^l of undiluted lat and-polysaccharide antisera according to the groiqTS 
detailed below, (total 64 mice) 

20 



Group 


Specificity 


IgG Concentration in 
Antisera 


Gl 


a-PS-6B 


S \ig/xxA, 


G2 


a-PS-6B 


2^g/ml. 


G3 


a-PS -6B 


0.75 >ig/ml. 


G4 


Control 


O^g/ml. 



Animals: 64 male CD-I mice £?om Charles River, Canada > weighing approx 35g 
(approx 10 weeks old). 

Anesthesia: Mice were anesthetized with isoflurane (3%) plus 02(1 L/mm)* 
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Organism: & pndkmoniae N1387 (serotype 6) was harvested fown trypticase soy 
agar plates (TSA) supplementKi with 5% horse blood and suspended in 6 ml of PBS. 
Immediately prior to infection, 1 ml bacterial suspension was diluted into 9 ml of cooled 
molten nutrient agar (BEL) and kept at 4rC. Mice received approx 6.0 loglO cfti/mouse 
in a volume 50 ul. 

Infection: On day 0 mice were anesthetized as described above and infected with 
& pneumoniae N1387 (50 cooled bacterial suspension) by mtm-bronchial instillation 
via non-surgical intra^tracheal intubation. This method was described by Woodnut and 
Berry (Antimicrob. Ag. Chemotherap, 43: 29 (1999)). 

Samples: On day 3 post infection. 8 mice/group were sacrificed by C02 
overdose and hmgs were excised and homogenized in 1 ml PBS. Tenfold serial dilutions 
were prepared in PBS to enumerate viable bacterial numbers. Samples were inoculated 
(20 Hi) in tripUcate onto TSA plates supplemented wiA 5% horse blood and incubated 
overnight at 37 prior to evaluation. Further sets of mice were sacrificed on day 7 and 
sampled as above. 



Results: 



IgGconc 


Bacterial numbers 


(ug/ml) 


(log 10 cfu/hings) at days post infection 


in rat sera 


3 


S 


5 


6.7 ±0.7 (1/7) 


72 ±0.7 (5/8) 


2 


6.5 ±0.7 (1/7) 


6.9 ±1.8 (4/7) 


0.75 


7.7 ±0.5 (5/8) 


4.8 ±1.4 (2/8) 


0 


6.7 ±1.5 (3/6) 


6.3 ±1.5 (3/9) 



Figures in parenthesis are numbers of animals that died prior to sample time. 



Conclusion: In general, tiiere was no significant difference in bacterial numbers isolated 
from any of the treatment groups. This indicates that no measurable protection was 
afforded by the anti-polysaccharide at concentrations up to and including S jig/ml. 
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This is similar to^what is observed in some human climcal trials, that is» anti- 
polysaccharide body is insufficient to protect against pneumococcal pneumonia in some 
populations. 

S Example SB - Determine the protection from pneumonia afifonied by active 
administration of Ply (pneumolysin) with or without adjuvant, and synergy with sub- 
opdmal anti-PS antibody. 

Method 

10 Animals: 128 male CD-I mice (6 weeks old at old at immunisation, 10 weeks 

old at infection) from Charles River, St Constant, Quebec, Canada. Animals weighed 
approx 20 gm at 6 weeks and 38g at 10 weeks. 

Immunisations: Six groups of 16 mice were immunised by subcutaneous injection 
on days -22 and -14 with 100 ul of vaccine as detailed below. (Total 128 mice). PdB 
15 (WO 90/06951) was obtained courtesy of Dr. James Paton, Australia. 3D-MPL was 
obtained from Ribi/Corixa. 

On day -1, specific groiq)s (see Table below) were immunised (i-p.lOO ul) 
passively with a concentration of 4.26 ^g/ml (4 ml of 5 jig/ml + 1.3 ml of 2 ^ig/ml) 
mouse anti-^polysaccharide antibody. 

20 



Group 


Injection 


Vaccine given days -22» -14 


Injection 


Passive IgG 




Volume 


(Dosage fig) 


Volume 


(day-l) 




Active 




Passive 




M 


100 fil sx. 


PdB/AlP04 (10/50) 




None 


1-2 


100 ^l s.c. 


PdB/MPL/AIP04 (10/5/50) 




None 


1-3 


100 Ml s.c. 


PdB/AIP04 (10/50) 


100 pi i.p. 


a-PS 


1-4 


100 ^1 s.c. 


PdB/MPL/AlP04 (10/5/50) 


100 III Lp. 


a-PS 


1-5 


100 III s.c. 


MPL/AlPO4(5/50) 


lOOfilLp. 


a-PS 


1-6 


100 |il S.C. 


MPUAlPO4(S/50) 




None 



Infection: On day 0, mice were anesthetized (3% isoflurane plus 1 L/min 02). 
Bacterial inocula were prepared by harvesting growth of & pneumoniae N1387 
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(serotype 6) from ttyptic^e soy agar plates (TSA) supplemented with 5% horse blood 
and suspending in 6 ml of PBS. A ten-fold dilution (1ml plus 9ml) was prepared in 
cooled molten nutrient agar (kept at 41 'C) immediately prior to infection. Mice were 
infected by intia-bronchial instillation via intra-tracheal inmbation and received 
5 approjdmatBly 6.0 loglO cfu^ouse in a volume of 50 ^tl. This method was described by 
Woodnut and Berry (Antimicrob. Ag. Chemotherap. 43: 29 (1999)). 

Samples: At 72 post infection, S mice/group were sacrificed by C02 overdose 
and the lungs were excised and homogenized in 1 ml PBS. Tenfold serial dilutions were 
prepared in PBS to enumerate viable bacterial numbers. Samples were inoculated (20 jU) 
1 0 in tripUcate onto TSA plates supplemented with 5% horse blood and incubated overnight 
37 'C prior to evaluation. Further sets of mice were sacrificed on day 8 post-infection 
and samples as above. 

Analysis of Data 

15 ''^o«»*come measure for comparison of treatment was the nmnber of bacteria m 

the lungs at 3 and 7 day post infection. Results are presented as group means with 
standard deviations. Statistical analysis was perfomed using the Students t-test where a 
P value of <0.05 was coosidered significant 

20 Resulg ; 

72h post infection 

Bacterial counts fiom group 1-4 were significantly lower (p<0.05) than those 
from group 1-3. 

Bacterial counts fiom group 1-4 were significanUy lower (pO.05) than diose 
25 fiom groiq) 1-5. 

I68h post infection 

Bacterial numbers in aU groups were approx 2 logs lower at 8 days fliaa at 3 days, 
indicating that Ae infection was resolving. 
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Bacterial counts "fipDin group 1-2 were significantly lower (pO.05) tiian those 
from group 1-5. 



Group 


Day 3 


Day 8 




Log 


Standard 


Log 


Standard 




CFU/limg 


Deviation 


CFUAung 


Deviation 


1-1 


6.93 


0.61 


5.23 


1.28 


1-2 


6.59 


1.25 


4.08 


1.34 


1-3 


7.09 


0.8 


5.32 


1.26 


1-4 


6.09 


1.43 


4.46 


2.32 


1-5 


7.19 


0.89 


5.42 


1.05 


1-6 


6.68 


1.14 


5.01 


1.48 



5 As demonstrated above, anti-polysaccharide antibody alone (group 1-5) does not 

afford protection against growth of pneumococci in the lung. PdB adjuvanted witii 
A1P04 does not confer protection eitiier, but at day 8 there is a trend to protection v/bsn 
PdB is combined witii 3I>MPL (groiq) 1-2). 

At Day 3, the group most significantiy protected, group M, had all three 
10 elements, PdB, 3D-MPL and passively administered anti-polysaccharide antibody. This 
conclusion is supported by the mortality rate. Group 1-4 had only 2/8 deaths compared to 
5/10 for groups 1-S and 1-3. 

Conclusion: 

15 As the experiment was done with passively immunised animals, the synergistic 

effect of also actively immunising with pneumolysin and MPL cannot be due to an 
increase in the level of antibodies against the polysaccharide antigen. 

As the animals were only passively immunised against pneumococcal 
polysaccharide, by day 8 levels of such antibody would have largely dissipated from the 

20 host 

Even so, significant protection against pneumococcal pneumonia could be seen in 
groups immunised witii pnetmiolysin plus 3D-MPL and especially in groups immunised 



55 



wo 00/56359 i PCmP00rt»2467 

With pneumolysin plus* 3D-MPL plus passively administered anti-polysaccharide 
antibody, indicating the synergy of this combination. 

If tile anti-polysaccharide immunisation had been carried out actively (preferably 
with conjugated polysaccharide), the effect would have been even more marked, as the 
effect of B-cell memory, and constant levels of anti-PS antibody would have contributed 
to the immune response cooperation (see for example Fig. IC where many of the animals 
actively immunised with polysaccharide and protein was shown to have no bacteria in 
the lungs after challenge). 

Example 6 - Immanogenidty in l-year-old Balb/C mice of ll-valent pneumococcal, 
polysaccharide Protein D conjugate vaccine adjuvanted with 3D-MPL. 

Introduction & obiective(sy' 

Protection against pneumococcal mfection is mediated by serotype specific 
antibody through opsonophagocytosis. It m^ be surmised that increases in the antibody 
concentration will result in greater protection, and therefore much effort has been 
expended to find ways to increase the humoral response. One strategy that has been 
applied successfully Id conjugate vaccines in pre^:Iinical studies is the use of 
immunostimulating adjuvants (reviewed in PooUnan et al. 1998. Carbohydrate-Based 
Bacterial Vaccines. In: Handbook of Experimental Pharmacology eds. P. Pcrimann and 
H. Wigsell. Springer-Verlag, Heidelberg, D). 

The data presented in this section show the results of the latest eaiperiment usmg 
clinical lots in a protocol designed to mhnic a clinical txiaL 

Protocol; 

One-year-old balb/c mice were immunised with 1/lOth of the human dose of 
pneumococcal-polysaccharide protein D conjugate vaccme, or 23-valBat plain 
polysaccharide vaccine. The vaccines used were clinical lots DSP009, DSP013 or 
DSP014 corresponding to the 1 meg dosage of serotypes 63 and 23F and 5 meg of the 
remaining serotypes of the ll-valent conjugated vaccine, the 0.1 meg dosage of the 11- 
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valent coiyugated vacciDte, or the 0.1 meg dosage of the H-valent conjugated vaccine 
adjuvanted with 5 meg 3D-MPL, respectively. All 11-valent conjugated vaccines were 
also adjuvanted with 50 fig AIPO4. 

Groups of 20 mice were immunised intramuscularly. Injections of the groi^ 
5 listed in the following table were perfonned on days 0 and 21 . Test bleeds were obtained 
on day 3S, (14 days after the second dose). 

Table: Immunisation Schedule for I-year*old Balb/c mice immunised with clinical lots 
of pneumococcal-polysaccharide Protein D conjugate vaccine. 



Group 


DayO 
Vaedne 
Dosel 


Day 21 
Vaccine 
Dose 2 


Number 
of mice 


1 


Pneumcjvax-23 

2.S meg 


Buffer 


20 


2a 


11 -valent Pn-PD 
0.1 meg 


Buffer 


20 


2b 


1 1-vaient Pn*PD 
O.I mc^ 


11 -valent Pn-PD 
0.1 meg 


20 


3a 


U-valentPn-PD + MPL 
0.1 meg + 5 meg 


Buffi^ 


20 


V 3b 


n-valentPn-PD + MPL 
0,1 meg + 5 meg 


11-valent Pd-PD + MPL 
0.1 mcg + 5m(^ 


20 


4a 


ll-valentPa-PD 
1/0^ meg 


Bufier 


20 


4b 


11-valent Pn-PD 
1/0,5 meg 


11-valent Pn-PD 
1/0 J meg 


20 


Control 


Buffer 


BufiEfer 


20 



The sem were te^ by ELISA for IgG antibodies to the pneumococcal 
polysaccharides following the CDCAVHO consensus protocol, that is, after neutralisation 
of the sera with cell-wall polysaccharide. The ELISA vras calibrated to give antibody 
concentmtions in mcg/ml using smtype specific IgGl monoclonal antibodies. 
15 Statistical analyses of comparisons were calculated using UNISTAT version S.O 

beta. ANOVA by the Tukey-HSD method was perfonned on log transfonned IgG 
concentrations. Pairwise comparison of seroconversion rates was performed using 
Fisher's exact test. 

20 Results: 
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The GMC IgG aiid 95% confidence interval against the 1 1 serotypes and protein 
D induced 14 days after the second immimisadon (dose 2) are shown in the following 
table. Seroconversion rates are shown where a 95% confidence interval could not be 
calculated. 

5 Group 1 shows the effect of immunisation vnth plain polysaccharides, which 

normally induce only IgM in animals. Most IgG levels are below the threshold of 
detection; nevertheless, balb/c mice were able to make IgG to a few pneumococcal 
polysaccharides, notably serotypes 3, 19F and 14, 

Imm unisa t ion witii conjugate vaccines induced IgG antibody with high 
1 0 seroconversion rates against all serotypes except 23F. 

A dosage-dependent response (group 4 vs group 2) was observed only for 
serotypes 7F and 19F, but these observations were not statistically significant A greater 
response was observed after two doses (b groups vs a groups) for serotypes 3, 6B, 7F and 
19F, and PD, and these observations were statistically significant in many cases with all 
13 3 formulations. 

Most interesting is the effect of 3D-MPL. Two doses of tiie 3D.MPL formulated 
vaccine (group 3b) induced the highest GMC of specific IgG, and this was statistically 
significant for all serotypes except 23F, in which case it had a significantiy higher 
seroconversion rate (p = 0.02 group 3b vs 2b, Fisher's exact). 

20 
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Table: Geometric Mean CIgG] and 95% Confidence Intervals to Selected Pneumococcal 
Serotypes and Protein D in 1-Year-Old Balb/c 14 days Post II Immunisation with H- 
valent PS-PD Conjugate Vaccine 



Group 


1 


2a 


2b 


3a 


3b 


4a 


4b 








OIVi [IguJ 


uM LlgCi] 


UIVI [IgLrj 


GM [IgGJ 


GM [IgG] 


tvDe 


fig/mt 


ue/hil 




uc/ml 


us/ml 








(95% CI) 


(95% CD 


(95% CO 


(95% CD 


(95% CO 


(95% CO 


(95% a) 


3 


024 


0.18 


0.84 


0.72 


4.84 


0.22 


0.95 




(0.16^.6) 


(0.1 1-0 J7) 


(0.47-1.5) 


(0.5 M.O) 


(3.0-7.9) 


(0.1 4-0 J5) 


(0.19-1.8) 


6B 


0.02 


0.04 


0.19 


0.14 


0.74 


0.09 


0.11 




0/20* 


8/19 


(0,09-0.41) 


(0.07-0.27) 


(029-1.9) 


(0.05-0.16) 


(0.05-0.23) 


7F 


0.04 


0.07 


0,19 


0.15 


0.97 


0.09 


0.45 




0/20* 


(0.04-0.12) 


(0.10.0.39) 


(0.10-0.22) 


(0.49-2.0) 


(0,06-0.14) 


(0.20-1.02) 


14 


0.15 


4.5 


6.2 


12.9 


13.6 


4.0 


6.9 




3/20* 


(2.5-8.1) 


(3.6-10.5) 


(7.8-212) 


(9.4-19.7) 


(2.0-8.0) 


(4.6-10.5) 


19F 


h2 


6.7 


12.1 


10.1 


58.5 


5.9 


22.0 




{0J6-2,« 


(3.6-12.5) 


(7.6.19J) 


(5J-18.5) 


(42-81) 


(3.5-9.9) 


(16.0-302) 


23F 


0.07 


0.08 


0.08 


0.07 


0.17 


0.06 


0.10 




1/20* 


3/20' 


2/19* 


2/10* 


9/20* 


1A8* 


4/20* 


PD* 


0.25 


. 5.2 


11.9 


13.5 


98.0 


10.9 


38.7 




1/20* 


PJ-8J) 


(6.«0,7) 


(9J-19.0) 


(49.1-195.) 


(6.4-18.4) 


(2U-703) 



5 *** In EU/ml ; # S^oconverdon rate, defined as 2 standard deviations above the average of 
the negative control. 

Please refer to previous table for group definitions. 



Conclusion : 

10 The data presented here demonstrates that the addition of 3I>*MPL to the 11- 

valrat pneumococcal-polysaccharide Protein D conjugate vaccine increased the immune 
response in elderly balb/c mice to all serotypes tested. 

In most cases, two doses of vaccine induced higher geometric mean IgG 
concentrations that one dose. Since this is not observed using plain polysaccharide 
15 vaccine, even in humans, it is considered an indication of a T-cell depoident immune 
response and the induction of umnune memory. 

These data support a vaccine administation scheme using conjugated 
pneunaococcal polysaccharides adjuvauted with Thl adjuvants (preferably 3D-MPL), 
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whereby at least two doses of the adjuvanted vaccine are administered, preferably 1-12 
weeks apart, and most preferably 3 weeks apart Such an administration scheme is 
considered a fimher aspect of tiie inventionu 

The mice used in the experiment were non-responsive to PS 23 (plain or 
5 conjugated). Interestingly, although antibody levels against the polysaccharide remained 
low r^ardless of the vaccine composition used, many more mice responded to PS 23 
when 3D-MPL was used as the adjuvant (the seroconversion being significanUy hi^er). 
A use of Thl adjuvants, particularly 3D-MPL, in vaccine compositions comprising 
conjugated pneumococcal polysaccharides in order to relieve non-responsiveness to a 
10 pneumococcal polysaccharide in a vaccinee is a still further aspect of the invention. A 
mediod of relieving non-responaveness with the aforementioned composition using the 
two dose administration scheme described above is yet another aspect 

Example 7 - Neisseria Meningitidis C polysaccharide - Protein D conjugate (PSC- 
15 PD) 

A: EXPRESSION OF PROTEIN D 

As for Example 1. 

20 B: MANUFACTURE OF POLYSACCHARIDE C 

The source of group C polysaccharide is flic strain CI 1 ofN. meningitidis. This is 
fermented using classical framentation techniques (EF 72513). The dry powder 
polysaccharides used m the conjugation process are identical to Mencevax (SB 
Biologicals s.a.). 

25 An aliquot of CI 1 strain is fliawed and O.lml of suspension is streaked on one 

Mueller Hinton medium petri dish supplemented with yeast extract dialysate (10%, v/v) 
and uicubated for 23 to 25his at 36''C in a water saturated air incubator. 

The suifece growth is then re-suspended in stcriUzed fermentation medium and 
inoculated with this suspension on one Roux botUe containing Mueller Hinton medium 

30 supplanented with yeast extract dialysate (10%, v/v) and sterile glass beads. After 
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incubation of the Roux *bottIe during 23 to 25 hrs at 36°C in a water saturated air 
incubator* the surface growdi is re*suspended in lOmi sterile fermentation medium and 
0.2 to OJml of this suspension are inoculated onto 12 other Mueller ICnton medium 
Roux botdes. 

5 After incubation during 23 to 25 hrs at 36X in a water saturated air incubator, 

sur&ce growth is re-suspended in 10ml sterile fermentation medium. The bacterial 
suspension is pooled in a conical flask. 

This suspension is then aseptically transferred into the femienter using sterile 
syringes. 

10 The fermentation of meningococcus is performed in fermenters contained in a 

clean room under negative pressure. The fennentation is generally completed after 10-12 
hrs coiresponding to a^roximately 10"^ bacteria/ml (i.e. the early stationary phase) and 
detected by pH increase. 

At this stage, the entire broth is heat inactivated (12 min at 56^C) before 

IS centrifugariotL Before and after inactivation, a sample of the broth is taken and streaked 
onto Mueller Hinton medium petri dishes. 

C: PS PURIFICATION 

The purification process is a multi-step procedure performed on the entire 
20 fermentation broth. In the first stage of purification, the inactivated culture is clarified by 
centrifugation and the supernatant is recovered. 

Polysacdiaride purification is based on precipitation with a quaternary 
ammonium salt (Cetyltrimethylammonium Bromide/CTAB,CETAVLON R). CTAB 
forms insoluble complexes with polyanions sudi as polysaccharides, nucleic acid and 
25 proteins depending on their pL Following ionic controlled conditions, this method can be 
used to precipitate impurities (low conductivity) or polysaccharides (hig^ conductivity). 

The polysaccharides included in clarified supernatant are precipitated \ising a 
diatomaceous earth (CELITE^ 545) as matrix to avoid formation of insoluble inert mass 
during the different precipitations/purifications. 

30 
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I 



Purification scheme for JV. meningitidis polysaccharide C: 

Stepl: PSC-CTAB complex fixation on CELITE'^ 545 and removal of cells 
debris, nucleic acids and proteins by washing with CTAB 0.05%. 

Step 2: Elution of PS with EtOH 50%. The first fictions which are turbid and 
5 contain impurities and LPS are discarded The presence of PS in the following fractions 
is verified by flocnlation test 

Step3: PS-CTAB complex re-.fixation on CELITE R 545 and removal of smaller 
nucleic acids and proteins by CTAB 0.05% washing. 

Step 4: Elution of PS with EtOH 50%. The first turbid fiactions are discarded. 
10 The presence of PS in the following firactions is verified by floculation test 

The eluate is filtered and the filtrate containing cmde polysaccharide collected. 
The polysaccharide is precipitated from the filtrate by adding ethanol to a final 
concentration of 80 %. The polysaccharide is then recovered as a white powder, vaccum 
1 5 dried and stored at -20°C. 



D: CDAP CONJUGATION 
Conjugation ofPSC and PD 

For conjugation of PSC and PD, the CDAP conjugation technology was preferred 

20 to the classical CNBr activation and coupling via a spacer to the c^er protein. The 
polysaccharide is first activated by cyanylation with l-cyano-4-dimethylamino- 
pyridinium tetrafluoroborate (CDAP). CDAP is a water soluble cyanylatmg reagent in 
which the electrophilicity of the cyano group is increased over that of CNBr, permitting 
the cyanylation reaction to be performed under relatively mild conditions. After 

25 activation, the polysaccharide can be directly coupled to the carrier protein through its 
amino groups without introducing any spacer molecule. The unreacted estercyanate 
groups are quenched by means of extensive reaction with glycine. The total number of 
steps involved in the preparation of conjugate vaccines is reduced and most importantly 
potentially inmiunogcnic spacer molecules are not present m the final pix}duct 
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Activation of polysaccharides with CDAP introduces a cyanate group in the 
polysaccharides and dimethylaminopyridine (DA4AP) is liberated. The cyanate group 
reacts with NH2-groups in the protein during the subsequent coupling procedure and is 
converted to a carbamate. 

5 

PSC activation and PSC-PD coupling 

Acdvation and coupling are performed at +2S°C. 
1 20 mg of PS is dissolved for at least 4h in WH. 

CDAP solution (100 mg/ml fieshly prepared in acetonitrile) is added to reach a 
10 CDAP/PS (w/w) ratio of 0.75. 

After 1 min 30, the pH is raised up to activation pH (pR 10) by addition of 
triethylaxnine and is stabilised up to PD addidoa 

At time 3 min 30, NaCl is add^ to a final concentradon of 2M. 
At time 4 min, purified PD is added to reach a PD/PS ratio of 1.5/1; pH is 
15 immediately adjusted to coupling pH (pH 10)* The solution is led for Ih under pH 
regulation. 

Quenching 

6 ml of a 2M glycine solution is added to the PS/PD/CDAP nuxture. Hie pH is 
20 adjusted to the quenching pH (pH 8.8). The solution is stirred for 30 min at the woridng 
temperature, then overnight at +2-8^C with continuous slow stirring. 

PS-PD purification 

Aftac filtration (5 ^m)» the PS-*PD conjugate is purified in a cold room by gel 
2S permeation chromatography on a S400HR Sephacryl gel to remove small molecules 
(including DMAP) and unconjugated PD: Elution - NaCl 150 mM pH 6^; Monitoring - 
UV 280 nm, pH and conductivity. 

Based on the different molecular size of the reaction components, PS-PD 
conjugates are eluted first followed by fipee PD and finally DMAP. Fractions containing 
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conjugate as detected DMAB (PS) and jiBCA (protein) are pooled. The pooled 
fiactions are sterile filtered (0.2 jun) 

E: FORMULATION OF PSC-FD ADSORBED CONJUGATE VACCINE 

5 

Washing ofAlPO^ 

In order to optimize the adsorption of PSC-PD conjugate on AIPO4, the AIPO4 is 
washed to reduce the P04^ concentration: 

- AIP04 is washed with NaCl 1 SO mM and centrifiiged (4x); 

0 - Ae pellet is then rcsuspended m NaCl 150 mM then filtrated (100 fan); and 

- file filtrate is heat sterilized. 

This washed AIPO4 is referred to as WAP (washed autodaved phosphate). 



Formulation process 

Hie PSC-PD conjugate bulk is adsorbed on A1P04 WAP before the final 
formulalion of the finished product AIPO4 WAP was sdircd with PSC-PD for 5 minutes 
at room temperature. The pH was adjusted to 5,1, and the mixture was stkred for a 
fiirther 18 hours at room tenq)erature. NaCl solution was added to 150 mM, and the 
mixture was stirred for 5 minutes at room temperature. 2-phenoxyethanol was added to 5 
mg/mL and the. mixture was stirred for 15 minutes at room temperature, then adjusted to 
pH6.1. 



Final composition/dose 

-PSC-PD: 10 Kg PS 

25 -A1P04WAP: 0.25 mgAl^ 

-NaCl: 150 mM 

- 2-phenoxy-ethattol: 2.5 mg 

- Water for Injection: to 0.5 ml 
'pH: 6.1 

30 
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F: PRECLINICALInFORMATION 

hnmunogenicity ofpofysacckaride conjugate in mice 

The ixnmimogenicity of the PSC-PD conjugate has been assessed in 6- to 8- 
weeks-old Balb/C mice. The plain (unadsorbed) conjugate or the conjugate adsorbed 
5 onto A1P04 was injected as a monovalent vaccine. Anti-PSC antibodies induced were 
measured by ELISA whilst functional antibodies were analysed using the bactericidal 
test, both methods being based on tfie CDC (Centers for Disease Control and Prevention, 
Atlanta, USA) protocols. Results from two difibrent experiments performed to assess tiie 
response versus the dose and adjuvant (AIPO4) effect are presented. 

10 

Dose-range experiment 

In this experiment, the PSC*PD was injected twice (two weeks c^art) m Balb/C 

mice. Four different doses of conjugate formulated on A1P04 were used: 0.1; 0.S; 2.S; 

and 9.6 jig/animal. The mice (IQ/groijp) were bled on days 14 (14 Post I), 28 (14 Post II) 
IS and 42 (28 Post II). Geometric mean concentrations (GMCs) of polysaccharide C 

specific antibodies measured by EUSA were expressed in fig IgG/ml using purified IgG 

as reference. Bactericidal antibodies were measured on pooled sera and litres expressed 

as the reciprocal of the dilution able to kill 50 % of bacteria, using the N, meningitidis 

CI 1 strain in presence of baby rabbit complement 
20 The do^response obtained shows a plateau from the 2.S fig dose. Results 

indicate that there is a good booster response between 14 Post I and 14 Post n. 

Antibody levels at 28 Post n are at least equivalent to those at 14 Post IL Bactericidal 

antibody titres are concordant with ELISA concentrations and confirm the 

inmmnogeniclty of die PSC-PD conjugate. 

25 

Effect ofac^want 

In this experiment, one lot of PSC*PD conjugate fonnulated on A1P04 was 
assessed, the plain (non-adjuvanted) conjugate was injected for comparison. 10 
mice/group were injected twice, two weeks apart, by the subcutaneous route, with 2 pg 
30 of conjugate. Mice were bled on days 14 (14 Post I), 28 (14 Post II) and 42 (28 Post 11), 
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and ELISA and fiinctional antibody litres measured (anly on 14 Post II and 28 Post II for 
the bactericidal test). The AIP04 formulation induces up to 10 times higher antibody 
titrcs as compared to the non-adjuvanted foimulations- 

5 Conclusions 

The following general conclusions can be made fiom the results of the 
experiments described above: 

- FSC-PD conjugate induces an anamnestic response demonstrating that PSC, 
when conjugated, becomes a T cell dependent antigen. 

10 . Anti-PSC antibody concentrations measured by ELISA correlate well with 

bactericidal antibody titres showing that antibodies induced by the PSC-PD conjugate are 
functional against N, meningitidis serogroup C, 

- Approximately 2.5 fig of conjugate adsorbed onto A1P04 appears to elicit an 
optimum antibody response in mice. 

15 - The CDAP chemistry sqypears to be a suitable method for making immunogenic 

PSC-PD conjugates. 

Example 8 - Pr^aration of a Polysaccharide from K meningitidis Serogroup A - 
PD Conjugate 

20 A dry powder of polysaccharide A (PSA) is dissolved for one hour m NaCl 0.2 M 

solution to a final concentration of 8 mg/ml. pH is then fixed to a value of 6 with either 
HCl or NaOH and the solution is thermoregulated at 25*'C. 0.75 ing CDAP/mg PSA (a 
preparation to 100 n^ml acetonitrile) is added to the PSA solution. After 1.5 minutes 
without pH regulation, NaOH 0.2 M is added to obtain a pH of 10, Z5 minutes later, 

25 protdn D (concentrated to 5 mg/ml) is added accordmg to a PD/PSA ratio of 
^proximately L A pH of 10 is maintained during the coupling reaction period of 1 hour. 
Then, 10 mg glycine (2 M pH 9.0)Ang PSA is added and pH regulated at a value of 9.0 
for 30 minutes at 25°C. The mixture is then conserved overnight at 4°C before 
purification by exclusion column chromatography (Sephacryl S400HR from Pharmacia), 

30 The conjugate elutes first followed by unreacted PD and by-product (DMAP, glycme, 
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salts). The conjugate is collected and sterilized by a 0.2 |xm filtration on a Sartopore 
memhrane fi^m Sartorius. 



Example 9 - in vitro characterisations of the products of Examples 7 and 8 

5 

The msyor characteristics are summarized in the table here below: 





Conjugate 
description 


Protein and PS 
content (^g^l) 


PS/protein ratio 
(w/W) 


Free Protein 
(%) 


Free PS 
(%) 


1 


PSC-PD 

NaOHforpH 

regulation 


PD : 210 
PS : 308 


1/0.68 


<2 


8-9 


2 


PSC-PD 
TEA for pH 
regulation 


PD:230 
PS: 351 


1/0.65 


<2 


5-6 


3 


PSA-PD 

NaOHforpH 

regulation 


PD : 159 
PS: 149 


1/1.07 


5 


5-9 



In vivo results 

Balb/C mice were used as animal model to test the immunogeoicity of ^ 
10 conjugates. The conjugates were adsorbed either onto AIPO4 or AlCOH)^ (10 \ig of PS 
onto 500 ^g of AI^ or not adsorbed The mice were injected as followed : 2 injections at 
two week intervals (2 ^g PS^jecdon). 

From these results, we can conclude first that free PS influences greatly the 
inmiune response. Better results have been obtained with coqugates having less than 10 
IS % fiee PS. The above improvements to the CDAP process is thus a fitrther aspect of the 
infvendon. 

The fonnuladon is also important AIPO4 appears to be the most appropriate 
adjuvant m this model The conjugates induce a boost efifect vMch is not observed v/hm 
polysaccharides are injected alone. 
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Conclusions ^ 

Conjugates of iV. meningitidis A and C were obtained with a final PS/protein ratio 
of 1 and 0.6-0,7 (w/w) respectively. Free PS and ftee carrier protein were below 10 % 
5 and 15% respectively. Polysaccharide recovery is higher than 70 %. Conjugates of PSA 
and PSC obtainable by the above improved (optimised) CDAP process (regardless of the 
carrio: protein, but preferably protein D) is thus a further aspect of the invention. 

Example 10 - Preparation of a Polysaccbaride from H. influenzae b - PD Conjugate 
10 K influenzae b is one of the major causes of meningitis in children under 2 years 

old. The capsular polysaccharide of K influenzae (PRP) as a conjugate onto tetanus 
toxoid is well known (conjugated by chemistry developed by J. Robbins). CDAP is an 
improved chemistry. The foUowiug is account of optimal CDAP conditions found for 
conjugating PRP, preferably to PD, 
1 5 The parameters infiu^cing the reaction of conjugation are the following: 

• The initial concentration of polysaccharide (which can have a double impact on the 
final levels of free polysaccharide and on the sterile filtration step). 

• The initial cojicentradon of the carrier protein. 

• The initial ratio of polysaccharide to protein (which can also have the double impact 
20 on the final levels of fi«e polysaccharide and on the sterile filtration step). 

• The quantity of CDAP used (usually m large exce^). 

• The temperature of the reaction (\diich can influence the breakdown of the 
polysaccharide, the kinetics of the reaction, and the breakdown of flic reactive 
groups). 

25 • The pH of activation and coupling. 

• The pHofquenching (influencing the level of residual DMAP), 

• Hie time of activation, coupling and quenching. 
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The present inventors have found that the 3 most critical parameters to optimise 
the quality of the end product are: the initial ratio of polysaccharide/protein; the initial 
concentration of polysaccharide; and the coupling pH. 

A reaction cube was thus designed wth the above 3 conditions as the three axes. 
5 The central points (and experimented value range) for these axes were: PS/protein rado - 
l/l (=t0.3/l); [PS] = 5 mg/ml (±2 mg/ml); and coupling pH = 8.0 (±1.0 pH unit). 

The less essential parameters were fixed at the following: 30 mg of 
polysaccharide were used; temperature 25 ''C; [CDAP] = 0.75 mg/mg PS; pH titrated 
with 0.2M NaOH; activation pH - 9.5; temperature for activation « 1.5 minutes; 
10 coiq}ling temperature - I hour; [protein] = 10 mg/ml; quench pH = 9.0; tempemture of 
quenching - 1 hour, temperature of dissolving PS in solvent = 1 hour in 2M NaCl; 
purification on Sephacryl S-400HR eluted with NaCl 150 mM at 12 cm/hour, and filter 
sterilising with a S ARTOLAB P20 at 5 ml/mia 

The data looked at to establish optimised conditions when making products 
15 within the aforementioned reaction cube were: process data -* maximum yield after 
filtration, m™^"Tn level of protein incorporated; and quality of product data - final 
mtio PS/protein, level of fiee PS, level of free protein, minimum levels of residual 
DMAP (a breakdown product of CDAP), 

20 Output from filtration 

The factor which affects the output after filtration is the interaction between the 
initial (PS] and the coiq)ling pH and initial PS/protein ratio. At low [PS] there is littie 
mteraction with tiie latter 2 factors, and good filterability always results (s^rox. 95% for 
all products). However, at high concentrations filterability diminishes if the pH and the 

25 initial ratio increase (high [PS], lowest mtio, lowest pH ~ 99 % filtration; but high [PS], 
highest ratio and pH - 19% filtration)* 

Level of incorporation of the protein 

The ratio of the final ratio PS/protein with respect to the initial ratio is a measure 
30 of the efficiency of coupling. At high [PS], pH does not effect the ratio of ratios. 
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However the initial ratio Hoes (1.75 at low initial ratio, 1 .26 at high initial ratios). At low 
(PS], the ratio of ratios is for the most part lower, however pH now has more of an affect 
Oow pH, low ratio = 0.96; low pH, high ratio ^ 0.8; high pH, low ratio =^ L4; and high 
pH, high ratio = 0.92). 

5 

Ftml PS/protein ratio 

The final ratio depends on the initial ratio and the [PS]. The most sizeable final 
ratios are obtained with a combination high initial ratios and high [PS]. The effect of pH 
on the final ratio is not as significant as a weak [PS]. 

10 

Level of free protein D 

The least amounts of fiee protein D is observed at high pH and high [PS] (levels 
approaclung 0.0). The effect of high [PS] becomes especially marked when pH is low. 
The raising of the mitial ratio contributes a little bit to the increase in free protein D. 

15 

Residual DM4P 

The initial ratio does not have a significant efGect In contrast, the level of DMAP 
increases with the [PS], and decreases when (he pH is raised. 

20 Conclusions 

The most preferable conjugation conditions are thus the following: coupling pH = 
9.0; [PS] ^ 3 mg/ml; and initial ratio ^ 1/1. Wtii such conditions tiie characteristics of 
the final product are as follows: 



Final ratio 


PS Output fix>in 


Ratio of ratios 


Free protein D 


DMAP levels 


PS /protein 


filtration (%) 








^•) 


(ng/lOugPS) 


value 


range 


value 


Range 


value 


Range 


value 


range 


value 
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0.91- 


92.6 


so- 
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0.71 
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4.95 


2.60- 1 




1.30 




ns 




1.29 




10.40 
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Conjugates of PRP obtainable by the above improved (optunised) CDAP process 
(regardless of the carrier protein, but preferably protein D) is thiis a further aspect of the 
invention. 

5 Example 11: Protein D as an antigen - how its protective efficacy against non- 
typeable H. infiuena^e can be improved by formulating it with 3D-MPL 

Female Balb/c Mice (10 per group) were immunized (intramuscularly) with tfie 
eleven valent pneumococcal polysaccharide-protein D conjugate vaccine for a first time 
at the age of 20 weeks (DO) and received a second immunizadon two weeks later (D14). 

10 Blood was collected 7 days after the second immimization. Antibody titres against 
protein D were measured in terms of the quantity of IgGU IgG2a and IgG2b type 
antibodies. 

Freeze-dried undecavalent vaccina (without AlPO^) were prepared by combining 
the conjugates with 15.75% lactose, stirring for 15 minutes at room tanperature, 

15 adjusting the pH to 6.1 ±0.1, and lyophilising (the cycle usuaUy starting at -^9 **C, 
gradually adjusting to -24 °C over 3 hours, then retaining this temperature for 18 hours, 
then gradually adjusting to -16 over 1 hour, then retaining this temperature for 6 
hours, then gradually a<y\isting to +34 °C over 3 hours, and finally retaining this 
temperature over 9 hours). 

20 Composition of formulations and reconstituants for lyophilisates are presented in 

Table 13. 

The most characteristic measurement as to whether a Thl-type cell mediated 
tmmuTip response has occurred is known to be correlated with die level of Ig02a 
antibody. As can be seen firom die data, a surprisingly large increase in IgG2a results if 
25 the protein D has been lyophilised with a Thl adjuvant (in this case 3D-MPL). 
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Claims: 

1. An immunogenic composition comprising at least one Streptococcus 
pneumoniae polysaccharide antigen and at least one Streptococcus pneumoniae 
protein antigen or immunologically functional equivalent thereof. 

5 

Z The immunogenic conqjosition of claim 1, wherein the protein antigen is an 
outer suifece protein or a secreted protein of Streptococcus pneumoniae or 
immunologically fimctionai equivalents diereof. 



10 3. The immunogenic composition of claims 1 or 2, wherein the protein antigen is 
a toxin, a dh es i n or lipoprotein of Streptococcus pneumoniae or immunologically 
fimctionai equivalents thereof. 



4. The immunogenic composition of claims 1-3, wherein the protein antigen or 
15 immunologically functional equivalent thereof is selected from the groiq>: 

jmeumoljrsin, PspA or tcansmraibrane deletion variants thereof^ PspC or 
transmembrane deletion variants thereof^ PsaA or transmembrane deletion variants 
theceot glyceraldehyde-3-phosphate dehydrogenase, and CbpA or transmembrane 
deletion variants thereof 

20 

5. The imnnmogenic conqsosition of claims 1-4, wherein the polysaccharide 
antigen is presented in the fi)rm of a polysaccharide-protein carrier conjugate. 

6. The inununogenic conq>osition of claim 5, v^erein the carrier protein is 
25 selected from the groiq) consisting of: Diphflicria toxoid. Tetanus toxoid, CRM197, 

Keyhole Limpet Haemocyanin (KLH), protein derivative of Tuberculin (PPD), and 
proteinDfiom A infiuemae. 



30 



7. An immunogenic composition as claimed in any of claims ; 1 to 6 wherein the 
vaccine comprises at least four pneumococcal polysaccharide antigens from difiEerait 
serotypes. 
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8. An immunogenic composition as claimed herein additionally comprising an 
adjuvant. 



9. An immunogenic composition as claimed in claim 8, wherein the adjuvant 
S compiises an alumimum salt. 

10. An immunogenic composition as claimed in claim 8, whertin the adjuvant is a 
pitifeiential inducer of a THl response. 

10 11. An immunogenic composition as claimed in claim 10, wherein the adjuvant 
comprises at least one of the following: 3I>MPL, a saponm immunostimulant, or an 
immunostimulBtoty CpG oligonucleotide. 

12. An inununogenic composition as claimed m claim 11, wherein the adjuvant 
15 comprises a carrier selected ftom the group comprising: an oU m water emulsion, 

liposomes, and an aluminium salt. 

13. An immunogenic composition composition as claimed herein for use as a 
medicament 



20 



14. A vaccme comprising the nnmunogenic composition of claims 1-12. 



15. A mediod of preventing or ameUoadng Streptoccoaa pneumoniae infection 
in a padent over 55 years, comprising administering an effective amount of a vaccine 

25 conqjrising a Streptococcus pneumoniae polysaccharide and at least one 
Streptococcus pneunrnniae protein, and optionally aTHl inducing adjuvant 

16. Use of a pneumococcal polysaccharide antigen in combmation with a 

Strepioccoeus pneumoniae protein antigen, and optionaUy a THl inducing adjuvant. 

30 in the manufecture of a medicament for the prevention of pneumonia in patients over 
S5yeai5. 
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17. A mediod of making an immunogenic composition as claimed herein, 
comprising die steps of: 

selecting one or more pneumococcal polysaccharide antigen(s); 

selecting one or more pneumococcal protein antigen(s); and 
S mixing said polysaccharide and protein antigens vdth a suitable exdpienL 



18. A method of preventing or ameliorating Otitis media in Infants* comprising 
administering a sa& and efifective ammmt of a vaccine conqsrising a Streptococcus 
pneumoniae poljrsacxharide antigen and a Streptococcus pneumoniae protein antigen 
10 optionally with a THl adjuvant, to said InfimL 
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Figure lA 



Serum IgG to pneumolysin in mice 




Figure IB 

Hemolytic inhibition titers in mice 
immunized with pneumolysin 




Figure IC 



Pneumococcal lung colonization In 


0F1 mice at 6 hours after intranasal 




challenge with serotype 6B 
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